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(54) INSPECTION APPARATUS, EXPOSURE APPARATUS PROVIDED WITH THE INSPECTION 
APPARATUS AND PRODUCTION METHOD OF MICRO DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an inspection apparatus 
capable of accurately measuring an aberration based on sufficient 
measurement light quantity without using a very small pin hole for 
generating a spherical wave. 

SOLUTION: The inspection apparatus is for measuring wavefront 
aberration of an optical system to be inspected (PL). Illumination 
units (1 to 9, 16) for illuminating opening (TM) positioned on an object 
surface of the optical system to be inspected (PL) with the number 
of openings over the opening number on the object side of the optical 
system to be inspected (PL), wavefront separating elements (14) for 
separating light from a primary image of the opening formed on the 
image surface of the optical system to be inspected with the 
wavefront and forming a multitude of the secondary images of the 
openings and a photoelectric detector (15) for photoelectrically 
detecting a multitude of the secondary images formed with the wavefront separating elements are provided. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A lighting unit for illuminating an opening positioned in an object face of said test optical system 
with a numerical aperture more than the object side numerical aperture of said test optical system in test 
equipment for measuring a wavefront aberration of a test optical system, Test equipment provided with a 
photoelectric detection part for carrying out photoelectric detection of the secondary image of said large 
number formed of a wavefront-splitting element and said wavefront-splitting element for carrying out 
wavefront splitting of the light from a primary image of said opening formed in the image surface of said test 
optical system, and forming many secondary images of said opening. 

[Claim 2]The test equipment according to claim 1. wherein said lighting unit has a numerical aperture 
magnification means for expanding a numerical aperture of light flux from an illumination system and this 
illumination system for supplying illumination light to said opening. 

[Claim 3]The test equipment according to claim 2, wherein said numerical aperture magnification means has 
a diffused-llght study member for being arranged enabling free insertion and detachment and diffusing light 
flux in an optical path between said illumination system and an object face of said test optical system. 
[Claim 4]The test equipment according to claim 3, wherein said numerical aperture magnification means has 
a luminance property equalization means for equalizing the luminance property of illumination luminous flux 
worsening by said diffused-light study member. 

[Claim 5]In an exposure device provided with a projection optical system for forming a pattern image of an 
illuminated mask on a photosensitive substrate, An exposure device equipping any 1 paragraph of Claims 
2-4 with test equipment of a description, and said illumination system in said test equipment being able to 
illuminate said mask, and measuring a wavefront aberration with said test equipment by using said projection 
optical system as said test optical system. 

[Claim 6]Test equipment provided with a container reference plate attached to an aberration system of 
measurement and said aberration system of measurement for measuring a wavefront aberration of a test 
optical system in one, and a position detection system for detecting a position of said container reference 
plate. 

[Claim 7]The test equipment according to claim 6. wherein said position detection system has the 1 st 
detection system for detecting a position of said aberration system of measurement along a field vertical to 
an optic axis of said test optical system, and the 2nd detection system for detecting a position of said 
aberration system of measurement along an optical axis direction of said test optical system. 
[Claim 8]Said container reference plate has a base plane vertical to an optic axis of said aberration system 
of measurement, is formed by an alignment mark and reflector on this base plane, and said 1st detection 
system. Detect a position of said aberration system of measurement which met said base plane based on 
said alignment mark, and said 2nd detection system. The test equipment according to claim 7 detecting a 
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position of said aberration system of measurement which met a normal line direction of said base plane 
based on light flux which entered light flux in said reflector from an oblique direction, and was reflected in 
said reflector. 

[Claim 9]The test equipment according to claim 6, wherein said container reference plate has a base plane 
vertical to an optic axis of said aberration system of measurement and either an alignment mark or the 
reflectors are formed on this base plane. 

[Claim 10]With a numerical aperture more than the object side numerical aperture of said test optical 
system, have further a lighting unit for illuminating an opening positioned in an object face of said test 
optical system, and said aberration system of measurement A wavefront-splitting element for carrying out 
wavefront splitting of the light from a primary image of said opening formed in the image surface of said test 
optical system, and forming many secondary images of said opening. Test equipment given in any 1 
paragraph of Claims 6-9 having a photoelectric detection part for carrying out photoelectric detection of 
the secondary image of said large number formed of this wavefront-splitting element. 

[Claim 11]Have said container reference plate and a base plane vertical to an optic axis of said aberration 
system of measurement said aberration system of measurement, A wavefront-splitting element for carrying 
out wavefront splitting of the light from a primary image of an opening formed in the image surface of said 
test optical system, and forming many secondary images of said opening. It has a photoelectric detection 
part for carrying out photoelectric detection of the secondary image of said large number formed of this 
wavefront-splitting element. Test equipment given in any 1 paragraph of Claims 6-10, wherein an opening 
for proofreading for said base plane being arranged at a detecting face of said photoelectric detection part 
and an optical almost conjugate position, measuring an error of said aberration system of measurement on 
said base plane, and proofreading said aberration system of measurement is formed. 

[Claim 12]The test equipment according to claim 11, wherein said opening for proofreading is substantially 
set up greatly rather than a primary image of said opening formed on said base plane. 

[Claim 13]An exposure device equipping any 1 paragraph of Claims 6-12 with test equipment of a 
description, and measuring a wavefront aberration with said test equipment in an exposure device provided 
with a projection optical system for forming a pattern image of an illuminated mask on a photosensitive 
substrate by using said projection optical system as said test optical system. 

[Claim 14]In an exposure device provided with a projection optical system for forming a pattern image of an 
illuminated mask on a photosensitive substrate. An exposure device, wherein it has the test equipment 
according to claim 7 or 8 for measuring a wavefront aberration by using said projection optical system as 
said test optical system and said 2nd detection system detects a position of said photosensitive substrate 
along an optical axis direction of said projection optical system. 

[Claim 15]In an exposure device provided with a projection optical system for forming a pattern image of an 
illuminated mask on a photosensitive substrate, An exposure device which equips any 1 paragraph of Claims 
10-12 for measuring a wavefront aberration by using said projection optical system as said test optical 
system with test equipment of a description, and is characterized by the ability of said lighting unit in said 
test equipment to illuminate said mask 

[Claim 16]ln test equipment for measuring a wavefront aberration of a test optical system using an 
aberration system of measurement. Test equipment characterized by amending an output of said aberration 
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system of measurement about said test optical system based on error information which was provided with 
an error measuring means for measuring an error of said aberration system of measurement, and was 
measured by said error measuring means. 

[Claim 17]A wavefront-splitting element for said aberration system of measurement carrying out wavefront 
splitting of the light from a predetermined side, and forming many images of said predetermined side. Have a 
photoelectric detection part for carrying out photoelectric detection of the image of said large number 
formed of this wavefront-splitting element, and said error measuring means. The test equipment according 
to claim 16 measuring an error of said aberration system of measurement based on many images of said 
opening for proofreading which has the opening for proofreading formed near said predetermined side, 
illuminated said opening for proofreading by light through said test optical system, and was formed of said 
wavefront-splitting element. 

[Claim 18]Test equipment having a unit for memorizing an error of said aberration system of measurement 
in test equipment for measuring a wavefront aberration of a test optical system using an aberration system 
of measurement, and amending an output of said aberration system of measurement about said test optical 
system based on error information from said unit. 

[Claim 19]In an exposure device provided with an illumination system for illuminating a mask, and a 
projection optical system for forming a pattern image of said mask on a photosensitive substrate. An 
exposure device equipping any 1 paragraph of Claims 16-18 with test equipment of a description, and 
measuring a wavefront aberration with said test equipment by using said projection optical system as said 
test optical system. 

[Claim 20]Claim 5 characterized by adjusting the optical property of said projection optical system based on 
a measurement result by said test equipment, an exposure device given in any 1 paragraph of 13-15. and 19. 
[Claim 21]A manufacturing method of a micro device including Claim 5. an exposure process which exposes 
a pattern of said mask on said photosensitive substrate using an exposure device of a description in any 1 
paragraph of 13-15, 19, and 20, and a developing process which develops said photosensitive substrate 
exposed by this exposure process. 

[Claim 22]In an inspection method which measures a wavefront aberration of a test optical system using an 
aberration system of measurement. An error measuring process which measures an error of said aberration 
system of measurement, and an aberration measuring process which measures a wavefront aberration of 
said test optical system using said aberration system of measurement. An inspection method including a 
correcting process which amends aberration measured value of said test optical system obtained by said 
aberration measuring process based on error information measured by said error measuring process. 
[Claim 23]The inspection method according to claim 22 predicting change of an error which measures an 
error of said aberration system of measurement in predetermined environment, and originates in change of 
said environment in said error measuring process based on this error of measurement. 
[Claim 24]An auxiliary process of said aberration measuring process carrying out wavefront splitting of the 
light from a predetermined side, and forming many images of said predetermined side, An image of said large 
number formed of wavefront splitting including an auxiliary process which carries out photoelectric 
detection said error measuring process, An auxiliary process of positioning and illuminating an opening to 
said predetermined side, and an auxiliary process of carrying out wavefront splitting of the light from said 
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opening, and forming many images, The inspection method according to claim 22 or 23 including an auxiliary 
process of measuring an error of said aberration system of measurement based on an image of said large 
number formed of wavefront splitting. 

[Claim 25]An auxiliary process of said aberration measuring process carrying out wavefront splitting of the 
light from a predetermined side, and forming many images of said predetermined side, An image of said large 
number formed of wavefront splitting including an auxiliary process which carries out photoelectric 
detection said error measuring process. An auxiliary process which generates a spherical wave by 
positioning and illuminating a pinhole to said predetermined side or its neighborhood, The inspection method 
according to claim 22 or 23 including an auxiliary process of carrying out wavefront splitting of this spherical 
wave, and forming many images, and an auxiliary process of measuring an error of said aberration system of 
measurement based on an image of said large number formed of wavefront splitting. 

[Claim 26]An auxiliary process of said aberration measuring process carrying out wavefront splitting of the 
light from a predetermined side, and forming many images of said predetermined side, An image of said large 
number formed of wavefront splitting including an auxiliary process which carries out photoelectric 
detection said error measuring process. An auxiliary process of illuminating an opening for proofreading 
positioned near [ said ] the predetermined side. The inspection method according to claim 22 or 23 including 
an auxiliary process of carrying out wavefront splitting of the light from this opening for proofreading, and 
forming many images, and an auxiliary process of measuring an error of said aberration system of 
measurement based on an image of said large number formed of wavefront splitting. 

[Claim 27]In an exposure method which carries out projection exposure of the pattern image of a mask on a 
photosensitive substrate via a projection optical system, A wavefront aberration of said projection optical 
system is measured with an inspection method of a description in any 1 paragraph of Claims 22-26 by using 
said projection optical system as said test optical system. An exposure method including an adjusting 
process which adjusts said projection optical system based on a wavefront aberration of said projection 
optical system amended by said correcting process. 

[Claim 28]The exposure method according to claim 27 predicting change of an error which measures an 
error in either [ at least ] predetermined atmospheric pressure or the predetermined wavelength, and 
originates in at least one change of atmospheric pressure and the wavelength in said error measuring 
process based on a measured error. 

[Claim 29]The exposure method according to claim 27 or 28 predicting change of an error which originates 
in change of temperature based on two or more errors which measured and measured an error on two or 
more temperature conditions in said error measuring process. 

[Claim 30]A manufacturing method of a micro device including an exposure process which exposes a 
pattern of said mask on said photosensitive substrate using an exposure method of a description in any 1 
paragraph of Claims 27-29. and a developing process which develops said photosensitive substrate exposed 
by this exposure process. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to test equipment, the exposure device provided with this test 
equipment, and the manufacturing method of a micro device. Especially this invention relates to 
measurement of the wavefront aberration of the projection optical system carried in the exposure device 
for manufacturing micro devices, such as a semiconductor device, an image sensor, a liquid crystal display 
element, or a thin film magnetic head, by a lithography step. 
[0002] 

[Description of the Prior Art]When manufacturing a semiconductor device etc. by a photolithography 
process, the exposure device which carries out projection exposure of the pattern image of a mask to 
photosensitive substrates (a wafer, a glass substrate, a plate, etc.) is used. In this kind of exposure device, 
in order to project a mask pattern image on a photosensitive substrate faithfully with high resolution, the 
projection optical system in which several aberration has the fully controlled good optical performance is 
designed 

[0003] However, unlike design optical performance, in the projection optical system of the actually 
manufactured exposure device, several aberration resulting from various factors remains. Then, various 
devices for measuring conventionally the aberration which remains in a test optical system like a projection 
optical system carried in the exposure device are proposed. For example, the aberration measuring device 
which measures the wavefront aberration of a test optical system based on the spherical wave which the 
International-Publication WO 99/No. 60361 gazette was made to generate using the minimum pinhole is 
indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the conventional aberration measuring device 
indicated by the above-mentioned gazette, there was inconvenience that errors, such as a wavefront 
aberration which the device itself generates, influenced the aberration measurement result of a test optical 
system (added). In the conventional aberration measuring device, there was inconvenience that first stage 
positioning and position control of a device were difficult. In the conventional aberration measuring device, 
since the pinhole of the byway was used very much in order to generate a spherical wave, there was 
inconvenience that the amounts of measuring beams ran short remarkably. 
[0005]This invention is made in view of above-mentioned SUBJECT, and is a thing. 
The purpose is for errors, such as a wavefront aberration to generate, to provide the exposure device 
provided with the high test equipment and this test equipment of the accuracy of measurement which do 
not influence the aberration measurement result of a test optical system substantially. 

[0006]An object of this invention is to provide the exposure device provided with the test equipment and 
this test equipment which can perform first stage positioning and position control of an aberration system of 
measurement promptly and with high precision, and can perform quick and exact aberration measurement 
by extension. 

[0007]An object of this invention is to provide the exposure device provided with the test equipment and 
this test equipment which can perform highly precise aberration measurement based on sufficient amount 
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of measuring beams, without using the minimum pinhole for generating a spherical wave. 

[0008]An object of this invention is to provide the manufacturing method of a micro device which can 

manufacture a good micro device by high resolution using the projection optical system adjusted good based 

on highly precise aberration measurement. 

[0009] 

[Means for Solving the Problem]In order to solve said SUBJECT, in the 1st invention of this invention. A 
lighting unit for illuminating an opening positioned in an object face of said test optical system with a 
numerical aperture more than the object side numerical aperture of said test optical system in test 
equipment for measuring a wavefront aberration of a test optical system, A wavefront-splitting element for 
carrying out wavefront splitting of the light from a primary image of said opening formed in the image surface 
of said test optical system, and forming many secondary images of said opening, Test equipment provided 
with a photoelectric detection part for carrying out photoelectric detection of the secondary image of said 
large number formed of said wavefront-splitting element is provided. 

[OOlOjAs for said lighting unit, according to the 1st mode of the 1st invention, it is preferred to have a 
numerical aperture magnification means for expanding a numerical aperture of light flux from an illumination 
system and this illumination system for supplying illumination light to said opening. As for said numerical 
aperture magnification means, according to the 2nd mode of the 1 st invention, it is preferred to have a 
diffused-light study member for being arranged enabling free insertion and detachment and diffusing light 
flux in an optical path between said illumination system and an object face of said test optical system. As for 
said numerical aperture magnification means, according to the 3rd mode of the 1st invention, it is preferred 
to have a luminance property equalization means for equalizing the luminance property of illumination 
luminous flux worsening by said diffused-light study member. 

[001 1]As for said luminance property equalization means, according to the 4th mode of the 1st invention, it 
is preferred to have a neutral density filter for being arranged enabling free insertion and detachment and 
forming light flux of predetermined light intensity distribution into a lighting optical path of said illumination 
system. As for said luminance property equalization means, according to the 5th mode of the 1st invention, 
it is preferred to have the surface light source means forming for forming the zona-orbicularis-like surface 
light source into an optical path of said illumination system at a pupil of said projection optical system and 
an optical almost conjugate position. As for said wavefront-splitting element, according to the 6th mode of 
the 1st invention, it is preferred to have a microlens of a large number arranged in two dimensions. 
[0012]In an exposure device provided with a projection optical system for forming a pattern image of an 
illuminated mask on a photosensitive substrate in the 2nd invention of this invention, It has test equipment 
of the 2nd mode of the 1st invention - the 6th mode, and said illumination system in said test equipment can 
illuminate said mask, and an exposure device measuring a wavefront aberration with said test equipment by 
using said projection optical system as said test optical system is provided. 

[0013]In the 3rd invention of this invention, test equipment provided with a container reference plate 
attached to an aberration system of measurement and said aberration system of measurement for 
measuring a wavefront aberration of a test optical system in one and a position detection system for 
detecting a position of said container reference plate is provided. 

[0014]As for said position detection system, according to the 1st mode of the 3rd invention, it is preferred 
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to have the 1st detection system for detecting a position of said aberration system of measurement along a 
field vertical to an optic axis of said test optical system and the 2nd detection system for detecting a 
position of said aberration system of measurement along an optical axis direction of said test optical system. 
According to the 2nd mode of the 3rd invention, said container reference plate, Have a base plane vertical 
to an optic axis of said aberration system of measurement, they are formed by an alignment mark and 
reflector on this base plane, and said 1 st detection system. Detect a position of said aberration system of 
measurement which met said base plane based on said alignment mark, and said 2nd detection system. It is 
preferred to detect a position of said aberration system of measurement which met a normal line direction 
of said base plane based on light flux which entered light flux in said reflector from an oblique direction, and 
was reflected in said reflector. 

[0015]As for said container reference plate, according to the 3rd mode of the 3rd invention, it is preferred 
that have a base plane vertical to an optic axis of said aberration system of measurement, and either an 
alignment mark or the reflectors are formed on this base plane. It has further a lighting unit for illuminating 
an opening positioned in an object face of said test optical system with a numerical aperture more than the 
object side numerical aperture of said test optical system according to the 4th mode of the 3rd invention, 
As for said aberration system of measurement, it is preferred to have a photoelectric detection part for 
carrying out photoelectric detection of the secondary image of said large number formed of a 
wavefront-splitting element and this wavefront-splitting element for carrying out wavefront splitting of the 
light from a primary image of said opening formed in the image surface of said test optical system, and 
forming many secondary images of said opening. 

[0016]According to the 5th mode of the 3rd invention, said container reference plate, Have a base plane 
vertical to an optic axis of said aberration system of measurement, and said aberration system of 
measurement A wavefront-splitting element for carrying out wavefront splitting of the light from a primary 
image of an opening formed in the image surface of said test optical system, and forming many secondary 
images of said opening. It has a photoelectric detection part for carrying out photoelectric detection of the 
secondary image of said large number formed of this wavefront-splitting element. It is preferred that an 
opening for proofreading for said base plane being arranged at a detecting face of said photoelectric 
detection part and an optical almost conjugate position, measuring an error of said aberration system of 
measurement on said base plane, and proofreading said aberration system of measurement is formed. As for 
said opening for proofreading, according to the 6th mode of the 3rd invention, it is more preferred than a 
primary image of said opening formed on said base plane to be set up greatly substantially. 
[001 7]In an exposure device provided with a projection optical system for forming a pattern image of an 
illuminated mask on a photosensitive substrate in the 4th invention of this invention, It has test equipment 
of the 3rd invention and an exposure device measuring a wavefront aberration with said test equipment by 
using said projection optical system as said test optical system is provided. 

[0018]In an exposure device provided with a projection optical system for forming a pattern image of an 
illuminated mask on a photosensitive substrate in the 5th invention of this invention. Having test equipment 
of the 1st mode of the 4th invention for measuring a wavefront aberration by using said projection optical 
system as said test optical system, or the 2nd mode, said 2nd detection system provides an exposure 
device detecting a position of said photosensitive substrate along an optical axis direction of said projection 
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optical system. 

[0019]In an exposure device provided with a projection optical system for forming a pattern image of an 
illuminated mask on a photosensitive substrate in the 6th invention of this invention, Having test equipment 
of the 4th mode of the 3rd invention for measuring a wavefront aberration by using said projection optical 
system as said test optical system - the 6th mode, said lighting unit in said test equipment provides an 
exposure device, wherein it is possible to illuminate said mask. 

[0020]As for said lighting unit, according to the 1st mode of the 4th invention and the 6th invention, it is 
preferred to have a numerical aperture magnification means for expanding a numerical aperture of light flux 
from an illumination system and this illumination system for supplying illumination light to said opening. As 
for said numerical aperture magnification means, according to the 2nd mode of the 4th invention and the 6th 
invention, it is preferred to have a diffused-light study member for being arranged enabling free insertion 
and detachment and diffusing light flux in an optical path between said illumination system and an object 
face of said test optical system. As for said numerical aperture magnification means, according to the 3rd 
mode of the 4th invention and the 6th invention, it is preferred to have a luminance property equalization 
means for equalizing the luminance property of illumination luminous flux worsening by said diffused-light 
study member. 

[0021]As for said luminance property equalization means, according to the 4th mode of the 4th invention 
and the 6th invention, it is preferred to have a neutral density filter for being arranged enabling free insertion 
and detachment and forming light flux of predetermined light intensity distribution into a lighting optical path 
of said illumination system. As for said luminance property equalization means, according to the 5th mode of 
the 4th invention and the 6th invention, it is preferred to have the surface light source means forming for 
forming the zona-orbicularis-like surface light source into an optical path of said illumination system at a 
pupil of said projection optical system and an optical almost conjugate position. 

[0022]ln test equipment for measuring a wavefront aberration of a test optical system in the 7th invention 
of this invention using an aberration system of measurement. It has an error measuring means for measuring 
an error of said aberration system of measurement, and test equipment amending an output of said 
aberration system of measurement about said test optical system is provided based on error information 
measured by said error measuring means. 

[0023]According to the 1st mode of the 7th invention, said aberration system of measurement. A 
wavefront-splitting element for carrying out wavefront splitting of the light from a predetermined side, and 
forming many images of said predetermined side, Have a photoelectric detection part for carrying out 
photoelectric detection of the image of said large number formed of this wavefront-splitting element, and 
said error measuring means. It is preferred to measure an error of said aberration system of measurement 
based on many images of said opening for proofreading which has the opening for proofreading formed near 
said predetermined side, illuminated said opening for proofreading by light through said test optical system, 
and was formed of said wavefront-splitting element. 

[0024]In test equipment for measuring a wavefront aberration of a test optical system in the 8th invention 
of this invention using an aberration system of measurement It has a unit for memorizing an error of said 
aberration system of measurement, and test equipment amending an output of said aberration system of 
measurement about said test optical system is provided based on error information from said unit. 
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[0025]In an exposure device provided with an illumination system for illuminating a mask, and a projection 
optical system for forming a pattern image of said mask on a photosensitive substrate in the 9th invention of 
this invention, It has test equipment of the 7th invention or the 8th invention, and an exposure device 
measuring a wavefront aberration with said test equipment by using said projection optical system as said 
test optical system is provided. 

[0026]In the 2nd invention, the 4th invention - the 6th invention, and the 9th invention, it is preferred to 
adjust the optical property of said projection optical system based on a measurement result by said test 
equipment. 

[0027]An exposure process which exposes a pattern of said mask on said photosensitive substrate in the 
10th invention of this invention using an exposure device of the 2nd invention, the 4th invention - the 6th 
invention, and the 9th invention, A manufacturing method of a micro device including a developing process 
which develops said photosensitive substrate exposed by this exposure process is provided, 
[0028]In an inspection method which measures a wavefront aberration of a test optical system in the 1 1th 
invention of this invention using an aberration system of measurement, An error measuring process which 
measures an error of said aberration system of measurement, and an aberration measuring process which 
measures a wavefront aberration of said test optical system using said aberration system of measurement. 
An inspection method including a correcting process which amends aberration measured value of said test 
optical system obtained by said aberration measuring process based on error information measured by said 
error measuring process is provided. 

[0029]According to the 1st mode of the 1 1th invention, it is preferred to predict change of an error which 
measures an error of said aberration system of measurement in predetermined environment and originates 
in change of said environment in said error measuring process based on this error of measurement. 
According to the 2nd mode of the 1 1th invention, it is preferred to predict change of an error which 
measures an error in predetermined atmospheric pressure and predetermined wavelength, and originates in 
change of atmospheric pressure and change of wavelength in said error measuring process based on a 
measured error. According to the 3rd mode of the 1 1th invention, it is preferred to predict change of an 
error which originates in change of temperature based on two or more errors which measured and measured 
an error on two or more temperature conditions in said error measuring process. 

[0030]According to the 4th mode of the 11th invention, said aberration measuring process. An auxiliary 
process of carrying out wavefront splitting of the light from a predetermined side, and forming many images 
of said predetermined side, and an image of said large number formed of wavefront splitting including an 
auxiliary process which carries out photoelectric detection said error measuring process, It is preferred to 
include an auxiliary process of positioning and illuminating an opening to said predetermined side, an 
auxiliary process of carrying out wavefront splitting of the light from said opening, and forming many images, 
and an auxiliary process of measuring an error of said aberration system of measurement based on an image 
of said large number formed of wavefront splitting. 

[0031] According to the 5th mode of the 11th invention, said aberration measuring process. An auxiliary 
process of carrying out wavefront splitting of the light ft-om a predetermined side, and forming many images 
of said predetermined side, and an image of said large number formed of wavefront splitting including an 
auxiliary process which carries out photoelectric detection said error measuring process. An auxiliary 
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process which generates a spherical wave by positioning and illuminating a pinhole to said predetermined 
side or its neighborhood, It is preferred to include an auxiliary process of carrying out wavefront splitting of 
this spherical wave, and forming many images, and an auxiliary process of measuring an error of said 
aberration system of measurement based on an image of said large number formed of wavefront splitting. 
[0032] According to the 6th mode of the 11th invention, said aberration measuring process, An auxiliary 
process of carrying out wavefront splitting of the light from a predetermined side, and forming many images 
of said predetermined side, and an image of said large number formed of wavefront splitting including an 
auxiliary process which carries out photoelectric detection said error measuring process. It is preferred to 
include an auxiliary process of illuminating an opening for proofreading positioned near [ said ] the 
predetermined side, an auxiliary process of carrying out wavefront splitting of the light from this opening for 
proofreading, and forming many images, and an auxiliary process of measuring an error of said aberration 
system of measurement based on an image of said large number formed of wavefront splitting. 
[0033]In an exposure method which carries out projection exposure of the pattern image of a mask on a 
photosensitive substrate via a projection optical system in the 12th invention of this invention, A wavefront 
aberration of said projection optical system is measured with an inspection method of the 1 1th invention by 
using said projection optical system as said test optical system, and an exposure method including an 
acjjusting process which acjjusts said projection optical system based on a wavefront aberration of said 
projection optical system amended by said correcting process is provided. 

[0034]According to the 1st mode of the 12th invention, it is preferred to predict change of an error which 
measures an error in either [ at least ] predetermined atmospheric pressure or the predetermined 
wavelength, and originates in at least one change of atmospheric pressure and the wavelength in said error 
measuring process based on a measured error. According to the 2nd mode of the 12th invention, it is 
preferred to predict change of an error which originates in change of temperature based on two or more 
errors which measured and measured an error on two or more temperature conditions in said error 
measuring process. 

[0035] According to the 3rd mode of the 12th invention, said aberration measuring process, An auxiliary 
process of carrying out wavefront splitting of the light from a predetermined side, and forming many images 
of said predetermined side, and an image of said large number formed of wavefront splitting including an 
auxiliary process which carries out photoelectric detection said error measuring process, It is preferred to 
include an auxiliary process of positioning and illuminating an opening to said predetermined side, an 
auxiliary process of carrying out wavefront splitting of the light from said opening, and forming many images, 
and an auxiliary process of measuring an error of said aberration system of measurement based on an image 
of said large number formed of wavefront splitting. 

[0036]According to the 4th mode of the 12th invention, said aberration measuring process, An auxiliary 
process of carrying out wavefront splitting of the light from a predetermined side, and forming many images 
of said predetermined side, and an image of said large number formed of wavefront splitting including an 
auxiliary process which carries out photoelectric detection said error measuring process, An auxiliary 
process which generates a spherical wave by positioning and illuminating a pinhole to said predetermined 
side or its neighborhood, It is preferred to include an auxiliary process of carrying out wavefront splitting of 
this spherical wave, and forming many images, and an auxiliary process of measuring an error of said 
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aberration system of measurement based on an image of said large number formed of wavefront splitting. 
[0037]According to the 5th mode of the 12th invention, said aberration measuring process, An auxiliary 
process of carrying out wavefront splitting of the light from a predetermined side, and forming many images 
of said predetermined side, and an image of said large number formed of wavefront splitting including an 
auxiliary process which carries out photoelectric detection said error measuring process, It is preferred to 
include an auxiliary process of illuminating an opening for proofreading positioned near [ said ] the 
predetermined side, an auxiliary process of carrying out wavefront splitting of the light from this opening for 
proofreading, and forming many images, and an auxiliary process of measuring an error of said aberration 
system of measurement based on an image of said large number formed of wavefront splitting. 
[0038]According to the 6th mode of the 1 2th invention, it is preferred to expand a numerical aperture of 
light flux through said projection optical system in said error measuring process, and to illuminate said 
opening for proofreading with a numerical aperture more than the object side numerical aperture of said 
aberration system of measurement. 

[0039]In the 13th invention of this invention, a manufacturing method of a micro device including an 
exposure process which exposes a pattern of said mask on said photosensitive substrate using an exposure 
method of the 1 2th invention, and a developing process which develops said photosensitive substrate 
exposed by this exposure process is provided. 
[0040] 

[Embodiment of the Invention]In this invention, illuminate the opening positioned in the object face of the 
test optical system with the numerical aperture more than the object side numerical aperture of a test 
optical system (incoherent Lighting Sub-Division), and wavefront splitting of the light from the primary 
image of the opening formed in the image surface of a test optical system is carried out, For example, the 
method which forms many secondary images of an opening on the acceptance surface of a photoelectric 
detection part like CCD is adopted. That is, since it is a method to which image formation of the opening of 
a resolvable size is carried out in CCD. it is not necessary to form this opening as the minimum pinhole like 
before, and to generate a spherical wave in this invention. 

[0041]That is. in conventional technology, in order to generate an exact spherical wave, it is necessary to 
form the minimum pinhole where deviation from circular form is high but. and in this invention, the shape of 
an opening is not limited to a circle configuration and the formation accuracy is not so strict, either. As a 
result, it becomes possible to provide remarkable big illumination as compared with the case of the 
conventional technology using the minimum pinhole to CCD which is an image sensor If it puts in another 
way, in this invention, highly precise aberration measurement can be performed based on sufficient amount 
of measuring beams, without using the minimum pinhole for generating a spherical wave. 
[0042]In this invention, it has the container reference plate attached to the aberration system of 
measurement for measuring the wavefront aberration of a test optical system in one. and the position 
detection system for detecting the position of this container reference plate. The alignment mark and the 
reflector are formed in this container reference plate, for example. Therefore, when applying this invention, 
for example to an exposure device, if the position of the container reference plate along a field vertical to 
the optic axis of a projection optical system is attracted based on an alignment mark using the HA system 
(it mentions later for details) carried in the exposure device, the position along the XY plane of the 
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aberration system of measurement can be detected, 

[0043]The two-dimensional AF system (it mentions later for details) of the oblique incidence type carried in 
the exposure device is used, If the surface position of the container reference plate along the optical axis 
direction of the projection optical system is pulled based on the light flux which entered light flux in the 
reflector from the oblique direction, and was reflected in the reflector, the Z direction position of an 
aberration system of measurement, inclination of the circumference of the X-axis, and inclination of the 
circumference of a Y-axis are detectable. In this way, highly precise alignment (alignment) and position 
control can be promptly carried out to the same grade as the wafer in an exposure device. That is, in this 
invention, first stage positioning and position control of an aberration system of measurement can be 
performed promptly and with high precision, and quick and exact aberration measurement can be performed 
by extension. In this embodiment mentioned later, in order to detect the position along the XY plane of the 
aberration system of measurement, the FIA system carried in the exposure device is used, but as this 
position detection system, it is not restricted to a HA system. For example, the US,4,710,026,B gazette and 
the US.5,151,750,B gazette, The LIA system currently indicated by the US,5,859,707.B gazette, the LSA 
system currently indicated by the US,4.677.301,B gazette and the US,5,151.750,B gazette, or a length 
measuring interferometer can be used. When detecting the position of the XY plane of a container reference 
plate using a length measuring interferometer, here, The composition which establishes the reflector for 
reflecting the length measurement beam from a length measuring interferometer in the end face of a 
container reference plate. It is preferred to have composition which attaches the reflector for making the 
composition which attaches the reflector for making a container reference plate reflect the length 
measurement beam from a length measuring interferometer, or the case in which the container reference 
plate is attached reflect the length measurement beam from a length measuring interferometer. In this 
embodiment mentioned later, in order to detect the position of the Z direction of an aberration system of 
measurement, inclination of the circumference of the X-axis, and inclination of the circumference of a 
Y-axis, the two-dimensional AF system carried in the exposure device is used, but as this position 
detection system, it is not restricted to a two-dimensional AF system. For example, a length measuring 
interferometer, an exhaust air micro, and an electrostatic capacity sensor can be used, or the automatic 
focusing function within a FIA system which is indicated by the US,5,721,605,B gazette and the 
US,5,783.833,B gazette can be used. When detecting the position of the XY plane of a container reference 
plate using a length measuring interferometer as mentioned above. For example, if the above-mentioned 
reflector and the reflector sloping in the above-mentioned reflector to the XY plane are established as 
indicated by JP.2000-39305,A or JP,2000-49066,A, It becomes possible to detect the position of the Z 
direction of a container reference plate and by extension, an aberration system of measurement, inclination 
of the circumference of the X-axis, and inclination of the circumference of a Y-axis. 
[0044]The opening for proofreading is formed in the above-mentioned container reference plate in this 
invention. Therefore, the light from the opening for proofreading forms many images on the acceptance 
surface of CCD by illuminating this opening for proofreading. Although each image of the opening for 
proofreading is tidily located in a line and should be formed in the designed value, the position gap of the 
light volume centroid position of each opening image actually measured will be carried out under the 
influence of the wavefront aberration of an aberration system of measurement, etc. from the ideal position 
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assumed on the design. 

[0045]Here, a position gap of each generated opening image originates only in an aberration system of 
measurement. So, in this invention, the position of each opening image acquired by the above-mentioned 
self-calibration is set as each starting point for measurement. As a result, high-precision wavefront 
aberration measurement can be performed, without errors, such as a wavefront aberration which the 
aberration system of measurement itself generates by measuring a wavefront aberration based on each 
set-up starting point for measurement, influencing the measurement result of a test optical system 
substantially. 

[0046]The embodiment of this invention is described based on an accompanying drawing. Drawing 1 is a 
figure showing roughly the composition of the exposure device provided with the test equipment concerning 
the embodiment of this invention. In drawing 1 , the X-axis is set up in the direction vertical to the space of 
drawing 1 along the normal line direction of the wafer W which is a photosensitive substrate, respectively in 
[ to a direction parallel to the space of drawing 1 / in the Z-axis / / in a wafer surface ] a wafer surface for 
a Y-axis. Although drawing 1 shows the state at the time of the aberration measurement which positioned 
the container reference plate of test equipment to the image surface of projection optical system PL, at the 
time of the detecting position using a RA system or the autofocus system of the oblique incidence method, 
and projection exposure, the wafer W is positioned in the image surface of projection optical system PL. 
[0047]The exposure device of drawing 1 is provided with the excimer laser which supplies light with a 
wavelength of 248 nm (KrF) or 193 nm (ArF). for example as the light source 1 for supplying exposing light 
(illumination light). After [ which was eyected from the light source 1 ] a parallel pencil is orthopedically 
operated mostly by the light flux of a specified section via the beam shaping optical system 2, it enters into 
the coherence reduced part 3. The coherence reduced part 3 has the function to reduce generating of the 
interference pattern on the mask M which is an irradiated plane (as a result, on the wafer W). About the 
details of the coherence reduced part 3, it is indicated by JP,S59-22631 7,A, for example. 
[0048]The light flux from the coherence reduced part 3 forms many light sources in an after that side focal 
plane via the 1st fly eye lens 4. The light from the light source of these large number illuminates the 2nd fly 
eye lens 6 in superposition via the relay optical system 6, after being deflected by the vibration mirror 5. 
Here, the vibration mirror 5 is a bending mirror which rotates to the circumference of the X-axis, and has 
the function to reduce generating of the interference pattern in an irradiated plane. In this way. the 
secondary light source which consists of many light sources is formed in the backside focal plane of the 2nd 
fly eye lens 7. The light flux from this secondary light source carries out uniform illumination of the mask M 
in which the predetermined pattern was formed in the lower surface in superposition via the condenser 
optical systems 9. after being restricted by the aperture diaphragm 8 arranged in that neighborhood. 
[0049]The light flux which penetrated the pattern of the mask M forms the image of a mask pattern via 
projection optical system PL on the wafer W which is a photosensitive substrate. The mask M is laid in mask 
stage MS via the mask holder (un-illustrating). Mask stage MS is driven by a mask stage control section 
(un-illustrating) based on the instructions from a main control system (un-illustrating). At this time, 
movement of mask stage MS is measured by the mask interferometer (un-illustrating) and the moving mirror 
(un-illustrating) formed in mask stage MS. 

[0050]On the other hand, the vacuum chuck of the wafer W is carried out to the wafer holder WH on wafer 
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stage WS. Wafer stage WS is driven by a wafer stage control section (un-illustrating) based on the 
instructions from a main control system (un-illustrating). At this time, movement of wafer stage WS is 
measured by the wafer interferometer WIF and the moving mirror WM formed in wafer stage WS. In this way, 
wafer stage WS has the locomotive function of the direction of X, the locomotive function of the direction of 
Y, a locomotive function of a Z direction, a rotary function of the circumference of the Z-axis, a tilt function 
of the circumference of the X-axis, and a tilt function of the circumference of a Y-axis, and position control 
is carried out by the wafer interferometer WIF and the wafer stage control section by nano order. 
[0051 ]The exposure device of drawing 1 is provided with the HA (Field Image Alignment) system of an 
off-axis method as the 1 st position detection system for detecting the position of the wafer W along the flat 
surface, i.e., the XY plane, of the projection optical system vertical to the optic axis AX. This HA system is 
provided with the halogen lamp (un-illustrating), for example as a light source for supplying the illumination 
light with wide wavelength band width. The illumination light from a light source enters into the light guide 21 
via a relay optical system (un-illustrating). The light which spread the inside of the light guide 21 enters into 
the half prism 24 via the condenser lens 22 and the relay lens 23. 

[00523The illumination light reflected by the half prism 24 carries out epi-illumination of each alignment 
mark (for example, the line and space pattern of the direction of X and the line and space pattern of the 
direction of Y) formed on the wafer W via the 1st object lens 25 and the reflecting prism 26. The catoptric 
light from each illuminated alignment mark enters into the half prism 24 via the reflecting prism 26 and the 
1 st object lens 25. The light which penetrated the half prism 24 enters into the half prism 28 via the 2nd 
object lens 27. The light which penetrated the half prism 28 amounts to direction CCDof X 29. and the light 
reflected by the half prism 28 amounts to direction CCDof Y 30. 

[0053]Here, the enlarged image of X direction alignment mark is formed in the imaging surface of direction 
CCDof X 29, and the enlarged image of Y direction alignment mark is formed in the imaging surface of 
direction CCDof Y 30. In this way, by carrying out Image Processing Division of the imaging signal acquired 
by direction CCDof X 29, and direction CCDof Y 30, if the position along the XY plane of each alignment 
mark is attracted, the position along the XY plane of the wafer W is detected. And based on the position 
information on each detected alignment mark, alignment along the XY plane of the wafer W can be 
performed. About the details of the FIA system, it is indicated by JP,H4-65603.A. JP.H4-273246.A. etc.. for 
example. 

[0054]The exposure device of drawing 1 is provided with the so-called two-dimensional autofocus system 
(AF system) of an oblique incidence method as the 2nd position detection system for detecting the position 
of the wafer W in alignment with the direction, i.e., the Z direction, of the optic axis AX of the projection 
optical system. The two-dimensional AF system of this oblique incidence method is provided with the 
halogen lamp (un-illustrating), for example as a light source for supplying the large white light of a 
wavelength interval as detection light. The illumination light from a light source enters into the light guide 31 
via a relay optical system (un-illustrating). The light which spread the inside of the light guide 31 enters into 
the polarizing prism 33, after being mostly changed into a parallel pencil via the condenser lens 32. The 
polarizing prism 33 deflects a parallel pencil from the condenser lens 32 by a refractive action mostly. The 
transmission-type-lattices pattern in which the long and slender transparent part prolonged in the direction 
of X and the long and slender shade part prolonged in the direction of X were provided by turns in the fixed 
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pitch is formed in the ejection side of the polarizing prism 33. 

[0055]The light which penetrated the transmission-type-lattices pattern of the polarizing prism 33 enters 
into the condenser 34 for projection arranged in accordance with an optic axis parallel to the optic axis AX 
of projection optical system PL The light flux through the condenser 34 for projection reaches the wafer W 
in a necessary incidence angle via the mirror 35 and the object lens 36 for projection. In this way, on the 
wafer W, the primary image of the lattice pattern as a two-dimensional slit projection pattern covers the 
whole, and is formed correctly. The light reflected with the wafer W enters into the condenser 39 for 
light-receiving via the object lens 37 for light-receiving, and the vibration mirror 38. The light through the 
condenser 39 for light-receiving enters into the above-mentioned polarizing prism 33 and the swing-and-tilt 
amendment prism 40 which has the same composition. 

[0056]In this way. the secondary image of a lattice pattern is formed in the entrance plane of the 
swing-and-tilt amendment prism 40. The two-dimensional light-receiving slit as a shading means is provided 
in the entrance plane of the swing-and-tilt amendment prism 40. The light ejected from the projection 
surface of the swing-and-tilt amendment prism 40 enters into the relay optical system 41 which comprises 
a lens of a couple. The light through the relay optical system 41 forms the conjugate image of the secondary 
image of a lattice pattern and the opening of a light-receiving slit which were formed on the entrance plane 
of the swing-and-tilt amendment prism 40 on the acceptance surface of the light sensing portion 42. Two or 
more silicon photo diodes as a two-dimensional light-receiving sensor are formed in the acceptance surface 
so that it may correspond to two or more openings of a light-receiving slit optically. 
[0057]The projection surface of the polarizing prism 33 in which the lattice pattern was formed, the 
exposure surface of the wafer W. and the entrance plane of the swing-and-tilt amendment prism 40 and the 
exposure surface of the wafer W in which the two-dimensional light-receiving slit was formed have 
conjugation relation which fulfilled the conditions of the shine proof. Here, if the wafer W carries out vertical 
movement to a Z direction in accordance with the optic axis AX of projection optical system PL, 
corresponding to the vertical movement of the wafer W, as for the secondary image of the lattice pattern 
formed on the entrance plane of the swing-and-tilt amendment prism 40. a strike slip will be started to the 
pitch direction of a pattern. 

[0058]In this way, the surface position of the wafer W which carried out photoelectric detection of the 
amount of strike slips of the secondary image of a lattice pattern, and met the optic axis AX of projection 
optical system PL by the principle of the photoelectric microscope based on the amount of strike slips 
which carried out photoelectric detection is detected. The surface position of the wafer W which met the 
optic axis AX of projection optical system PL according to the two-dimensional multipoint autofocus 
method is detected in two dimensions. As a result, the surface position of the wafer W can be aligned in two 
dimensions to the focusing direction of projection optical system PL by making it move to a Z direction, or 
carrying out the tilt of wafer stage WS to the circumference of the X-axis, and the circumference of a 
Y-axis. About the details of the principle of a photoelectric microscope, it is indicated by JP,S56-42205,A. 
for example. About the details of the two-dimensional multipoint autofocus method, it is indicated by 
JP.H6-97045.A. for example. 

[0059]As mentioned above, in the exposure device of drawing 1 , it exposes by positioning the mask M and 
the wafer W with high precision to projection optical system PL. Alignment of the exchanged mask M and 
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the wafer W is carried out with high precision, they are piled up. and exposure is repeated. At this time, the 
detecting position of the wafer W is performed with high precision by an above-mentioned FIA system and 
two-dimensional AF system at the time of exchange of the wafer W. And position control of the wafer W is 
performed with high precision by the wafer interferometer WIF and the wafer stage control section. In this 
way, various patterns are formed in each exposure region of the wafer W by repeating the heavy exposure to. 
the wafer W. 

[0060]The exposure device of this embodiment is provided with the test equipment for measuring the 
wavefront aberration of projection optical system PL Drawing 2 is a figure showing roughly the important 
section composition of the test equipment of drawing 1 . and is a figure showing the state where the 
aberration system of measurement was developed in accordance with the optic axis. Hereafter, the 
composition of the test equipment of this embodiment is explained with reference to drawing 1 and drawing 
2. In the test equipment of this embodiment, test mask TM for aberration measurement is installed on mask 
stage MS when measuring the wavefront aberration of projection optical system PL as a test optical system. 
As shown in drawing 3 at test mask TM, two or more ( drawing 3 nine pieces) openings 10a of the circle 
configuration for aberration measurement are formed in matrix form in accordance with the direction of X, 
and the direction of Y. The opening 10b of the shape of a big square is substantially formed rather than the 
opening 10a. 

[0061]The test equipment of this embodiment is provided with the container reference plate 1 1 attached on 
wafer stage WS in the almost same height position (Z direction position) as the exposure surface of the 
wafer W. The container reference plate 1 1 consists of glass substrates, for example, and has the base plane 
11a vertical to the optic axis AX of projection optical system PL and vertical to optic-axis AX1 of the 
aberration system of measurement mentioned later by extension. As shown in drawing 4 on this base plane 
11a, the opening 1 lb for proofreading (light transmission section) is formed in that center section, and two 
or more sets ( drawing 4 4 sets) of alignment marks 1 1c are formed around it. 

[0062]Here, the opening lib for proofreading is set up more greatly than the image of the opening 10a of 
test mask TM formed via projection optical system PL The alignment mark 1 1 c of each class comprises a 
line and space pattern formed in accordance with the direction of X, and a line and space pattern formed in 
accordance with the direction of Y. 11 d of reflectors are formed in the opening 1 1 b for proofreading, and 
the field except two or more alignment marks 1 1c. 1 1 d of reflectors are formed by vapor-depositing 
chromium (Cr). for example to a glass substrate. 

[0063]The test equipment of this embodiment is provided with the aberration system of measurement as an 
optical system for measuring the wavefront aberration of projection optical system PL In an aberration 
system of measurement, the light from the image of the opening 10a of test mask TM formed in the image 
surface via projection optical system PL enters into the micro fly eye 14 via the collimate lens 12 and the 
relay lens 13. The micro fly eye 14 is an optical element which consists of the microlens 14a of a large 
number which have the positive refractive power of the shape of a square arranged in all directions and 
densely, as shown in drawing 5 . The micro fly eye 14 is constituted by performing an etching process, for 
example to a plane parallel plate board, and forming a microlens group. 

[0064]Therefore. the light flux which entered into the micro fly eye 14 is divided in two dimensions by many 
microlenses 14a. and the image of the one opening 10a is formed near the backside focal plane of each 

17 



microlens 14a, respectively. A paraphrase will form many images of the opening 10a near the backside focal 
plane of the micro fly eye 14. In this way, the image of formed a large number is detected by CCD 15 as a 
two-dimensional image sensor. The output of CCD15 is supplied to the signal processing unit 19. Thus, the 
micro fly eye 14 constitutes the wavefront-splitting element for carrying out wavefront splitting of the light 
from the primary image of the opening 10a of test mask TM formed in the image surface of projection optical 
system PL **, and forming many secondary images of the opening 10a. 

[0065]CCD15 constitutes the photoelectric detection part for carrying out photoelectric detection of many 
secondary images of the opening 10a formed of the micro fly eye 14 as a wavefront-splitting element. As 
shown in drawing 1 , collimate lens 12. relay lens 13. micro fly eye 14. and CCD15 is provided in the inside of 
mask stage MS. and constitutes the aberration system of measurement as an optical system for measuring 
the wavefront aberration of projection optical system PL As a result the container reference plate 11 is 
attached to the aberration system of measurement (12-15) in one. 

[0066]Generally. in the exposure device, the numerical aperture (NA) of the illumination light supplied from 
an illumination system (1-9) is set up smaller than the object side numerical aperture of projection optical 
system PL. Therefore, even if it illuminates the opening 10a of test mask TM using an illumination system 
(1-9). it will enter into projection optical system PL with a numerical aperture with an insufficient light 
through the opening 10a. Then, in order that the test equipment of this embodiment may illuminate the 
opening 1 0a with the numerical aperture NAi more than the object side numerical aperture NAp of 
projection optical system PL (incoherent Lighting Sub-Division). As shown in drawing 1 . it has the lemon 
skin board 16 for being arranged enabling free insertion and detachment and diffusing light flux in the optical 
path between an illumination system (1-9) and test mask TM. 

[0067] Drawing 6 is a figure showing a scattering characteristic when a parallel pencil enters to a lemon skin 
board. Drawing 7 is a figure which compares the luminance distribution in Lighting Sub-Division NA of the 
light flux which enters into a test mask, when the luminance distribution and the lemon skin board in Lighting 
Sub-Division NA of the light flux which enters into a test mask when not installing a lemon skin board are 
installed. If drawing 6 and drawing 7 are referred to, in order to expand the numerical aperture of the light 
flux from an illumination system (1-9). when the lemon skin board 16 is installed, it turns out that the 
luminance property of illumination luminous flux gets worse. So, in this embodiment, it has the neutral 
density filter 17 for being arranged near [ where a secondary light source is formed into the lighting optical 
path of an illumination system (1-9), for example ] the aperture diaphragm 8. enabling free insertion and 
detachment, and forming the light flux of predetermined light intensity distribution. 

[0068]Here. the luminance property of illumination luminous flux worsening with the lemon skin board 16 can 
be mostly equalized by giving the transmissivity distribution of reverse normal distribution shape as shown 
in drawing 8 to the neutral density filter 17 to the lemon skin board 16 which has the scattering 
characteristic of normal distribution shape as shown in drawing 6 . Or by installing the zona-orbicularis 
aperture diaphragm which replaces with the aperture diaphragm 8 and has a zona-orbicularis-like opening, 
and restricting a secondary light source in the shape of zona orbicularis, as shown in drawing 9 , the 
luminance property of illumination luminous flux worsening with the lemon skin board 16 can also be 
equalized mostly. Of course, installation of the neutral density filter 1 7 and installation of the 
zona-orbicularis aperture diaphragm 8a which has a zona-orbicularis-like opening can also be used together. 
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[0069]As mentioned above, the lemon skin board 16 and the neutral density filter 17 (necessity is accepted 
and it is the zona-orbicularis aperture diaphragm 8a) constitute the numerical aperture magnification means 
for expanding the numerical aperture of the light flux from an illumination system (1-9). And the lemon skin 
board 16 constitutes the diffused-light study member for being arranged enabling free insertion and 
detachment and diffusing light flux in the optical path between an illumination system (1-9) and test mask 
TM, The neutral density filter 17 (necessity is accepted and it is the zona-orbicularis aperture diaphragm 
8a) constitutes the luminance property equalization means for equalizing the luminance property of 
illumination luminous flux worsening with the lemon skin board 16. It can replace with installation of the 
lemon skin board 16, and lemon skin processing of the upside surface of test mask TM can also be carried 
out. 

[0070]Generally, the scattering characteristic of a lemon skin board can be changed to some extent 
according to the field surface roughness of the grinding stone at the time of making a lemon skin board, and 
the difference of the floor to floor time at the time of carrying out the chemical treatment of the surface 
from acid. It is also possible to maintain almost uniformly the luminance property in Lighting Sub-Division 
NA of the light flux to which it replaced with the lemon skin board 16, remarkable DOE (diffraction optical 
element: diffractive OPUTIKUSU element) of the present technical progress was used, and the numerical 
aperture was expanded. DOE is constituted by usually forming a diffraction pattern by photo lithography on 
a glass plate, and DOE which has the characteristic which makes luminance property of the scattered light 
almost uniform to a definite angle is also developed. Therefore, when using DOE as a diffused-light study 
member, installation of the zona-orbicularis aperture diaphragm 8a which has installation of the neutral 
density filter 17 and a zona-orbicularis-like opening can also be omitted. In recent years, the numerical 
aperture of the illumination light supplied from the illumination system of an exposure device tends to 
become large. When the numerical aperture of the illumination light supplied from the illumination system of 
an exposure device is set up here more greatly enough than the object side numerical aperture of projection 
optical system PL, it is also possible to measure without using the lemon skin board 16 as a numerical 
aperture magnification means (for example, when it is sigma>=1). 

[0071] At this embodiment, as mentioned above, the opening 10a is illuminated with the numerical aperture 
NAi more than the object side numerical aperture NAp of projection optical system PL. In this case, as 
shown in drawing 10 . it is possible to think that the image formation optical system of mutually-independent 
a large number exists in each microlens 14a of every [ of the micro fly eye 14 of an aberration system of 
measurement ]. Each image formation optical system will carry out incoherent image formation of the image 
of the opening 10a in response to the influence of a part of wavefront aberration equivalent to the size of 
each microlens 14a, respectively. At this time, as shown in drawing 1 1 , an aberration system of 
measurement is set up so that the image lOi of the opening 10a may be formed in the center of the opening 
11b for proofreading of the container reference plate 11. That is, the opening lib for proofreading is 
substantially set up greatly rather than the image lOi of the opening 10a formed via projection optical 
system PL. 

[0072]When it considers from an image formation theory and a wavefront aberration has a tilt ingredient 
(inclination ingredient), it is obvious that the image formed via each microlens 14a carries out a position shift. 
That is, the position shift of an image will occur to average wave-front inclination quantity. When it puts in 
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another way, the position shift of an image according to partial wave-front inclination quantity will occur for 
every image formation optical system, respectively. The state of each image at this time is the same as that 
of the conventional point formed based on the spherical wave generated using the minimum pinhole. 
Therefore, measurement of a wavefront aberration is attained by the same signal processing as 
conventional technology. 

[0073]When the wavefront aberration does not remain in projection optical system PL. specifically, the light 
volume centroid position of each image of the opening 10a is formed in each home position for measurement. 
When there is no error resulting from a wavefront aberration etc. in an aberration system of measurement 
so that it may mention later, each home position for measurement is set up on the optic axis of each 
microlens 14a of the micro fly eye 14. Actually, since the wavefront aberration remains in projection optical 
system PL, the position gap of the light volume centroid position of each image of the opening 10a is carried 
out from each home position for measurement. Therefore, in this embodiment, the wavefront aberration of 
projection optical system PL will be measured based on the above-mentioned position gap information 
included in the output of CCD15. 

[0074] However, since it is a method to which image formation of the opening 10a of a resolvable size is 
carried out in CCD15, it is not necessary to form the opening 10a as the minimum pinhole like before, and to 
generate a spherical wave in this embodiment. That is. in conventional technology, in order to generate an 
exact spherical wave, it is necessary to form the minimum pinhole where deviation from circular form is high 
but. and in this embodiment, the shape of the opening 10a is not limited to a circle configuration. The 
transmissivity in the optical path from the opening 10a to CC015 is determined depending on the 
transmissivity of the optical member which constitutes an aberration system of measurement, and 
degradation of the luminosity by diffraction like [ in the case of the conventional technology using the 
minimum pinhole ] does not take place. As a result, it becomes possible to provide remarkable big 
illumination as compared with the case of the conventional technology using the minimum pinhole to CCD15 
which is an image sensor. 

[0075]Hereafter. the operation which measures the wavefront aberration of projection optical system PL 
using the test equipment of this embodiment is explained. According to this embodiment, as mentioned 
above, the container reference plate 11 attached to the aberration system of measurement (12-15) in one 
is formed. And on the base plane 1 la of the container reference plate 11. while the alignment mark 1 1c is 
formed by etching a chromium film etc.. 1 1 d of reflectors processed with required sufficient profile 
irregularity are formed. Therefore, if the position of the container reference plate 1 1 along an XY plane is 
attracted based on the alignment mark 1 1c using the above-mentioned FIA system carried in the exposure 
device, the position of the aberration system of measurement along an XY plane is detectable. 
[0076]The two-dimensional AF system of the above-mentioned oblique incidence type carried in the 
exposure device is used, If the surface position of the container reference plate 11 in alignment with a Z 
direction is pulled based on the light flux which entered light flux in 1 1 d of reflectors from the oblique 
direction, and was reflected in 1 1 d of reflectors, the Z direction position of an aberration system of 
measurement, inclination of the circumference of the X-axis, and inclination of the circumference of a 
Y-axis are detectable. An operation of the above-mentioned wafer interferometer WIF carried in the 
exposure device and a wafer stage actuator can perform promptly highly precise alignment (alignment) and 
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position control to the same grade as the wafer W. 

[0077]If the aberration system of measurement is carrying out the position gap to projection optical system 
PL which is a test optical system at the direction of X, the direction of Y, the Z direction, etc., a wavefront 
aberration ingredient of the low next like a tilt ingredient or a defocusing ingredient will occur greatly. Then, 
in order to measure a wavefront aberration, it is necessary to drive in a position gap of an aberration system 
of measurement in a wavefront aberration measurement stroke. In order to raise the accuracy of 
measurement of a wavefront aberration, it is desirable to measure a wavefront aberration, where the above 
wavefront aberration ingredients of the low next are driven in as much as possible. By installing the 
container reference plate 11. the exact and quick position control of an aberration system of measurement 
becomes possible, and above-mentioned last spurt operation becomes easy. As a result, the absolute value 
measurement accuracy of absolute position Measurement Division of the focal side of projection optical 
system PL or distortion can be raised. 

[0078]Wafer stage WS is driven, and if an aberration system of measurement is attracted into the exposure 
field area of projection optical system PL, it is made to specifically move into the detection field area of a 
two-dimensional AF system. In the state, alignment of the base plane 11a of the container reference plate 
11 is carried out to the image surface of projection optical system PL using a two-dimensional AF system. 
That is, inclination of the circumference of the position in alignment with the Z direction of the base plane 
11a of the container reference plate 1 1 and the X-axis and inclination of the circumference of a Y-axis are 
detected, and alignment acjjustment is carried out so that the base plane 11a may be mostly in agreement 
with the image surface of projection optical system PL. Next, wafer stage WS is driven along an XY plane, 
and an aberration system of measurement is moved into the detection field area of a FIA system. And the 
position along the XY plane of optic-axis AX1 of an aberration system of measurement is detected using a 
FIA system by carrying out the detecting position of the alignment mark 1 1c on the container reference 
plate^ 11. 

[0079]The physical relationship information between the alignment mark 1 1c on the container reference 
plate 1 1 and optic-axis AX1 of an aberration system of measurement is beforehand recognized by control 
software as data like the usual wafer alignment. Since there are two or more sets of alignment marks 1 1c, a 
still highly precise detecting position becomes possible by EGA (enhanced global alignment), i.e.. the 
equalization effect of two or more data. In this way, the image of the 1st opening 10a arbitrarily selected 
among two or more openings provided in test mask TM positions an aberration system of measurement in 
first stage to the position formed via projection optical system PL. 

[0080]Namely, in the state where the aberration system of measurement was correctly positioned in first 
stage, the central point of the image of the 1st opening 10a and optic-axis AX1 of an aberration system of 
measurement which were formed via projection optical system PL are in agreement in an XY plane. That is, 
as shown in drawing 1 1 . the central point of the image lOi of the opening 10a and the central point of the 
opening 1 1 b for proofreading of the container reference plate 1 1 are in agreement in an XY plane. In this 
initial state, the wavefront aberration of projection optical system PL is measured based on the output of 
CCD15. It can ask for a tilt ingredient, a power component (defocusing ingredient), and an astigmatic 
difference ingredient (ASU ingredient) from this measurement result, and the absolute value of distortion 
can be calculated [ the absolute position of a power component to a focal field (image surface) ] for an 
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astigmatic difference ingredient to a ****** difference from a tilt ingredient respectively. 
[0081]Next, an aberration system of measurement is made to move slightly so that a tilt ingredient and a 
power component may become as small as possible. Based on amount of slight movements deltax of the 
direction of X of the aberration system of measurement at this time, and amount of slight movements deltay 
of the direction of Y. the absolute value of distortion can also be calculated for the absolute position of a 
focal side based on amount of slight movements deltaz of the Z direction of an aberration system of 
measurement, respectively. In this way, where a tilt ingredient and a power component are driven in as small 
as possible, based on the output of CC015, the wavefront aberration of projection optical system PL is 
measured with high precision eventually. 

[0082]Measuring operation of an above-mentioned wavefront aberration is performed one by one in a similar 
manner about two or more remaining openings provided in test mask TM. Thus, after positioning which is an 
aberration system of measurement over the 1st opening of test mask TM is completed using the container 
reference plate 11, Like baking operation of original of an exposure device, always carry out alignment of the 
height position of the container reference plate 1 1 by a two-dimensional AF system, and. The position which 
met the XY plane of wafer stage WS based on the print-out of the wafer interferometer WIF can be 
controlled, and the wavefront aberration in the arbitrary coordinates position of projection optical system 
PL can be measured (namely, measurement of the wavefront aberration over two or more remaining 
openings of test mask TM). 

[0083]As mentioned above, in this embodiment, it is possible to drive in so that only a desired value may 
make an aberration system of measurement move slightly based on the tilt ingredient and power component 
which are the first stage measurement results of an aberration system of measurement and a tilt ingredient 
and a power component may become small. With this function, measurement of the highly precise wavefront 
aberration based on high-speed position control is attained. Measurement of the wavefront aberration of 
projection optical system PL is performed not only at the time of first stage adjustment and inspection of 
projection optical system PL but at the time of subsequent check. Since measurement of the wavefront 
aberration at the time of check is performed by stopping primarily manufacture of the device which is the 
original purpose of an exposure device, the quick nature of work is required. In this case, the ease and quick 
nature of position control of this embodiment serve as a very important element. 

[0084]By the way, in order to measure correctly the wavefront aberration of projection optical system PL 
carried in the exposure device, how the influence of the wavefront aberration etc. which are generated in 
the aberration system of measurement itself is processed poses a problem. Optical members, such as the 
collimate lens 12, the relay lens 13, the micro fly eye 14, CCD 15, and a mirror (refer to drawing 1 ), are used 
for the aberration system of measurement of this embodiment. The manufacture error of these optical 
members is added to the measured value at the time of measurement of the wavefront aberration of 
projection optical system PL In order to suppress small the influence of the measured value on the 
wavefront aberration etc. which are generated in the aberration system of measurement itself, How to set 
up very severely the common difference of each optical member which constitutes an aberration system of 
measurement, and to stop small enough the wavefront aberration yield of an aberration system of 
measurement as compared with the wavefront aberration yield of projection optical system PL which is a 
test optical system, Or how to grasp beforehand the influence of the wavefront aberration etc. which are 
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generated in the aberration system of measurement itself, and amend measured value can be considered. 
[0085]In the case of projection optical system PL by which a test optical system is carried in an exposure 
device, like this embodiment, it is actually next to impossible to stop small enough the wavefront aberration 
yield of an aberration system of measurement as compared with projection optical system PL It is because 
the wave front aberration amount which remains in projection optical system PL of an exposure device is 
stopped by the from the first very small value. On the other hand, in order to set up severely the profile 
irregularity of the lens part and mirror part which constitute an aberration system of measurement the 
homogeneity of the optical material (optical glass) itself must be raised, or the absolute value accuracy of 
the interferometer which measures profile irregularity must be raised. 

[0086]ln order to raise the accuracy of an interferometer, the improvement in the accuracy in the part level 
of the nZO lens which constitutes an interferometer, a reference surface-of-a-sphere mirror, etc.. and 
grasp with error are needed. Still severer accuracy is required of the grinder for raising profile irregularity 
itself, and the partial correction polishing technique etc. which amend profile irregularity selectively 
depending on the case must be applied. When it enumerates in this way, it understands how it is difficult to 
stop small enough the wavefront aberration yield of the aberration system of measurement itself as 
compared with projection optical system PL. Therefore, the thing for which the wavefront aberration yield of 
the aberration system of measurement itself is held down to the range permissible to some extent, and 
measured value is amended based on the error of an aberration system of measurement. That is. by 
performing a self-calibration about an aberration system of measurement shows that it is desirable to 
amend the influence of the wavefront aberration etc. which are generated in the aberration system of 
measurement itself. 

[0087] Hereafter, with reference to drawing 1 2 . the procedure of the self-calibration of the aberration 
system of measurement in this embodiment is explained. First, on the occasion of the self-calibration of an 
aberration system of measurement, the image of the opening 10b (refer to drawing 3 ) of the shape of a 
square of test mask TM positions an aberration system of measurement in the position formed via 
projection optical system PL. In this state, the illumination light from an illumination system (1-9) will 
illuminate the opening lib for proofreading of the container reference plate 1 1 via projection optical system 
PL Here, the illuminated field (image of the opening 10b) formed on the container reference plate 11 via 
projection optical system PL is substantially larger than the opening 1 lb for proofreading. 
[0088]In this way, the light from the opening 1 lb for proofreading forms many images of the opening 1 lb for 
proofreading on the acceptance surface of CCD15 via the collimate lens 12. the relay lens 13. and the micro 
fly eye 14. In the designed value, on the optic axis of each microlens 14a of the micro fly eye 14. each image 
of the opening lib for proofreading is tidily located in a line, and should be formed. However, the position 
gap of the light volume centroid position of each opening image actually measured will be carried out from 
the ideal position assumed on the design according to the wavefront aberration of an aberration system of 
measurement, the manufacture error of the micro fly eye 14, the arrangement error of the photo detector of 
CCD 15, etc. 

[0089]Here. a position gap of each generated opening image originates only in an aberration system of 
measurement, and is not influenced by the wavefront aberration of projection optical system PL. etc. In the 
self-calibration state of drawing 1 2 . it is because projection optical system PL has only achieved the 
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function of the illumination relay optical system arranged in the optical path between an illumination system 
and an aberration system of measurement. So, in this embodiment, the position of each opening image 
acquired by the self-calibration is set as each starting point for measurement. And high-precision wavefront 
aberration measurement can be performed, without errors, such as a wavefront aberration which the 
aberration system of measurement itself generates by measuring a wavefront aberration based on each 
set-up starting point for measurement, influencing the measurement result of projection optical system PL 
substantially, the method of installing the opening for self-calibrations in the degree of a calibration since 
the opening 1 1b for proofreading is formed in this embodiment on the container reference plate 1 1 attached 
to the aberration system of measurement in one and a ratio — the error resulting from BE ** and a position 
gap of an opening is not generated. 

[0090]The error by the difference between the environment at the time of the measurement which actually 
measures a wavefront aberration, and the environment at the time of a self-calibration can be considered as 
an error generated when measuring the wavefront aberration of a test optical system. Specifically, the error 
resulting from change of wavelength, the error resulting from change of temperature, the error resulting 
from change of atmospheric pressure, etc. are mentioned. Although all of these environmental variations 
cause an error of measurement of an aberration system of measurement, the mainly influenced ingredient is 
the low order aberration (aberration to the Seidels five aberrations as used in the field of geometric optics) 
below the 3rd aberration. 

[0091]Here, although the error resulting from change of wavelength and the error resulting from change of 
atmospheric pressure affect an aberration system of measurement, the yield of the error is as a designed 
value mostly, and is considered [ that it can expect in soft, and ]. Therefore, change of the error which 
measures the error in predetermined atmospheric pressure and predetermined wavelength at the time of a 
self-calibration, and originates in change of atmospheric pressure and change of wavelength based on the 
measured error can be predicted. The amount of change between the atmospheric pressure and wavelength 
at the time of the actual atmospheric pressure and wavelength, and self-calibration at the time of 
measurement is calculated, and, specifically, it is possible for it to be based on the calculated amount of 
change and the amount of generated errors at the time of a self-calibration, and to calculate the amount of 
generated errors at the time of actual measurement. 

[0092]On the other hand, about the error resulting from change of temperature, change of the error which 
measures the error generated under two or more temperature conditions at the time of a self-calibration, 
and originates in change of temperature based on two or more measured errors can be predicted. The 
amount of change between the measurement temperature nearest to a actual temperature is specifically 
calculated among a actual temperature at the time of measurement, and two or more measurement 
temperature which can be set at the time of a self-calibration. It is possible for it to be based on the 
calculated amount of change and the amount of generated errors at the time of a self-calibration, and to 
calculate the amount of generated errors at the time of actual measurement with interpolation (or 
extrapolation). 

[0093]In order to fulfill the conditions of incoherent Lighting Sub-Division over the opening 1 lb for 
proofreading in the self^calibration state of drawing 12 , While expanding the path of the variable opening of 
aperture-diaphragm AS arranged at the pupil of projection optical system PL more than needed (to for 
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example, maximum), it is desirable to set up the opening 10b of test mask TM near the optic axis AX of 
projection optical system PL It is desirable to install a diffused-light study member like the lemon skin 
board 18 into the optical path between projection optical system PL and the container reference plate 11. 
[0094]However, the self-calibration is performed a priori, and since an error amount is only low order 
aberration and small to amend only the error resulting from change of wavelength, atmospheric pressure, or 
temperature, it is not necessary to necessarily fulfill the conditions of incoherent Lighting Sub-Division. 
When not fulfilling the. conditions of incoherent Lighting Sub-Division, light does not enter into the microlens 
of the periphery of the micro fly eye 14, but amendment with error is attained based on a position gap of the 
image formed via the microlens of a center section. That is, a self-calibration is performed a priori, and it 
asks for each home position, and sets up measurable at any time by a certain amount of accuracy of 
measurement, and offset may be added to each home position in the calibration before subsequent real 
measurement. Thus, although various Methods of amendment by a self-calibration are considered, there is 
no change in amending the influence of the wavefront aberration etc. which are generated in the aberration 
system of measurement itself. 

[0095]In this way, in the exposure device concerning an above-mentioned embodiment, the error of an 
aberration system of measurement (1-9) is measured by a self-calibration (error measuring process). The 
measured error is memorized by the memory part of the signal processing unit 19 (refer to drawing 2 and 
drawing 10 ) connected to CCD 15. for example. And based on the error information which measured the 
wavefront aberration of projection optical system PL as a test optical system using the aberration system 
of measurement (aberration measuring process), and was measured by the self-calibration, the wavefront 
aberration measured value of projection optical system PL is amended (correcting process). In this way. 
projection optical system PL is adjusted based on the wavefront aberration of amended projection optical 
system PL (adjusting process). When adjusting projection optical system PL. make a lens move slightly, the 
pressure between lenses is controlled, or the optical member for aberration compensation is inserted. 
[0096]Subsequently, a mask can be illuminated according to an illumination system (Lighting Sub-Division 
process), and micro devices (a semiconductor device, an image sensor, a liquid crystal display element, a 
thin film magnetic head, etc.) can be manufactured by what is done to a photosensitive substrate for the 
scanning exposure of the pattern for transfer formed in the mask using the projection optical system 
(exposure process). By forming a predetermined circuit pattern in the wafer as a photosensitive substrate, 
etc. hereafter using the exposure device of this embodiment shown in drawing 1 explains with reference to 
the flow chart of drawing 1 3 p er example of the technique at the time of obtaining the semiconductor device 
as a micro device. 

[0097]First, in Step 301 of drawing 13 . a metal membrane is vapor-deposited on the wafer of one lot. In the 
following step 302, photoresist is applied on the metal membrane on the wafer of the I lot. Then, in Step 303, 
exposure transfer of the image of the pattern on a mask is carried out to each shot region on the wafer of 
the one lot one by one via the projection optical system (projection optics module) using the exposure 
device shown in drawing 1 . Then, in the step 305 after development of the photoresist on the wafer of the 
one lot was performed in Step 304. By etching by using a resist pattern as a mask on the wafer of the one 
lot, the circuit pattern corresponding to the pattern on a mask is formed in each shot region on each wafer. 
Then, devices, such as a semiconductor device, are manufactured by performing formation of the circuit 
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pattern of the upper layer, etc. According to the above-mentioned semiconductor device manufacturing 
method, the semiconductor device which has a very detailed circuit pattern can be obtained with a 
sufficient throughput. 

[0098]In the exposure device shown in drawing 1 . the liquid crystal display element as a micro device can 
also be obtained by forming predetermined patterns (a circuit pattern, an electrode pattern, etc.) on a plate 
(glass substrate). Hereafter, with reference to the flow chart of drawing 14 . it explains per example of the 
technique at this time. In drawing 14 . what is called an optical lithography process of carrying out transfer 
exposure of the pattern of a mask to photosensitive substrates (glass substrate etc. in which resist was 
applied) using the exposure device of each embodiment is performed by the pattern formation process 401 . 
Of this optical lithography process, the prescribed pattern containing many electrodes etc. is formed on a 
photosensitive substrate. Then, by passing through each process, such as a developing process, an etching 
process, and a reticle peeling process, a predetermined pattern is formed on a substrate and the exposed 
substrate shifts to the following light filter formation process 402. 

[0099]Next, in the light filter formation process 402. Many groups of three dots corresponding to R (Red), G 
(Green), and B (Blue) are arranged by matrix form, or form the light filter which arranged the group of three 
filters. R, G. and B, of a stripe to two or more horizontal scanning line directions. And 403 is performed for a 
cell assembler after the light filter formation process 402. By 403, a liquid crystal panel (liquid crystal cell) is 
assembled as a cell assembler using the substrate which has the prescribed pattern obtained by the pattern 
formation process 401 , the light filter obtained with the light filter formation process 402, etc. In 403, a liquid 
crystal is poured in as a cell assembler between the substrate which has the prescribed pattern obtained by 
the pattern formation process 401 , for example, and the light filter obtained with the light filter formation 
process 402. and he manufactures a liquid crystal panel (liquid crystal cell). 

[0100]Then. you attach each part articles in which the display action of the assembled liquid crystal panel 
(liquid crystal cell) is made to perform, such as an electric circuit and a back light, as a module assembler, 
and he makes it complete as a liquid crystal display element in 404. According to the manufacturing method 
of an above-mentioned liquid crystal display element, the liquid crystal display element which has a very 
detailed circuit pattern can be obtained with a sufficient throughput. 

[0101]When using the Fj laser light source etc. which supply light with a source of ArF excimer laser light 
which supplies light with a wavelength of 193 nm, and a wavelength of 157 nm in an above-mentioned 
embodiment, in order to avoid the optical absorption by oxygen. The optical path from a light source to a 
photosensitive substrate and the optical path in an aberration system of measurement will be fulfilled by 
inactive gas. such as nitrogen and helium. In this case, it is preferred by touching the polluted air to 
accommodate and convey an aberration system of measurement to the bag or container filled with inactive 
gas so that cloudy weather may not occur in the lens side in an aberration system of measurement 
[01 02] Although this invention is applied to the exposure device provided with the excimer laser in the 
above-mentioned embodiment, as shown in drawing 15 . this invention can also be applied to the exposure 
device which uses an extra-high pressure mercury lamp as a light source, without being limited to this. In 
this case, in the exposure device concerning the modification shown in drawing 15 . the extra-high pressure 
mercury lamp 51 which supplies the light containing the luminescent line of i line is positioned in the 1st 
focal position of the elliptic mirror 52 which has an ellipse reflector symmetrical with rotation about the 
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optic axis AX. Therefore, the illumination luminous flux ejected from the light source 51 forms a light source 
image in the 2nd focal position of the elliptic mirror 52. 

[0103]The sending light bunch from the light source image formed in the 2nd focal position of the elliptic 
mirror 52, After it deviates by the reflective mirror 53 and being mostly changed into a parallel pencil by the 
collimate lens 54, it enters into the fly eye lens 7 which is a wavefront-splitting type optical integrator via a 
wavelength selection filter (un-illustrating). The composition after the following and the fly eye lens 7 is the 
same as that of the embodiment of drawing 1 . In a wavelength selection filter, only the light (365 nm) of i line 
is chosen as exposing light, for example. Or the light of the light of g line (436 nm), h line (405 nm). and i line 
can also be chosen simultaneously, for example, the light of g line and the light of h line can also be chosen 
simultaneously, and the light of h line and the light of i line can also be chosen simultaneously. 
[01 04] Although this invention is applied to the test equipment built into the exposure device in the 
above-mentioned embodiment, as shown in drawing 16 . this invention is also applicable to the test 
equipment which has an exclusive stage similar to a wafer stage. In this case, although the test equipment 
concerning the modification shown in drawing 1 6 is provided with the illumination system of the exposure 
device of drawing 1 . the illumination system which has the same composition, and exclusive stage SS which 
has composition similar to the wafer stage of the exposure device of drawing 1 . it is not provided with the 
HA system and AF system of an oblique incidence method. It replaces with these alignment systems and 
exclusive stage SS is provided with the following. 

1 St interferometer IF1 for measuring the movement magnitude of the direction of Y. 

2nd interferometer IF2 and 3rd interferometer IF3 of the couple for measuring the movement magnitude of 
the direction of X. 

In the test equipment concerning the modification shown in drawing 16 . the wavefront aberration of 
projection optical system PL and other suitable test optical system SL which should be carried in an 
exposure device is measured. 

[0105]By the way, although the illumination system which has the same composition as the illumination 
system of the exposure device of drawing 1 is used in the test equipment concerning the modification 
shown in drawing 16 . this invention is also applicable to the test equipment which has a lighting unit for 
exclusive use as shown in drawing 1 7 . In this case, in the test equipment concerning the modification shown 
in drawing 1 7 . after the light from a light source (un-illustrating) spreads by the light guide 61. the opening of 
test mask TM is illuminated via the condenser lens 62. The ejection end and the condenser lens 62 of the 
light guide 61 are supported in one by the base material 63. 

[0106]Here. the lighting unit (61-63) is constituted so that test mask TM may be illuminated with the 
numerical aperture more than the object side numerical aperture of projection optical system PL and other 
suitable test optical system SL which should be carried in an exposure device. When the size of the 
illuminated field which a lighting unit (61-63) forms on test mask TM is not enough. The wavefront aberration 
of projection optical system PL or test optical system SL will be measured moving the base material 63 in 
two dimensions along an XY plane, and illuminating two or more openings of test mask TM one by one. 
[0107]In the above-mentioned embodiment, while using the illumination system of an exposure device, 
operate projection optical system PL as an illumination relay optical system, and are performing the 
self-calibration of the aberration system of measurement, but. As shown in drawing 18 , a self-calibration 
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can also be performed using an exclusive lighting unit similar to the lighting unit of the modification shown in 
drawing 17 . That is, in the modification shown in drawing 18 . after the light from a light source 
(un-illustrating) spreads by the light guide 61, the opening 1 lb for proofreading of the container reference 
plate 1 1 is illuminated via the condenser lens 62. At this time, the lighting unit (61 , 62) is constituted so that 
the container reference plate 1 1 may be illuminated with the numerical aperture more than the object side 
numerical aperture of an aberration system of measurement. In this way, the error of an aberration system 
of measurement can be measured like an above-mentioned embodiment. 

[0108]By the way. in the modification shown in drawing 1 8 . although the self-calibration of the aberration 
system of measurement is performed using the lighting unit for exclusive use, as shown in drawing 1 9 . a 
self-calibration can also be performed using the illumination system and illumination relay optical system of 
an embodiment of drawing 1 . That is. in the modification shown in drawing 1 9 . the light from an illumination 
system which has the same composition as the illumination system of the embodiment of drawing 1 
illuminates the opening 1 lb for proofreading of the container reference plate 1 1 via the illumination relay 
optical system 71. At this time, the illumination relay optical system 71 is constituted so that the container 
reference plate 1 1 may be illuminated with the numerical aperture more than the object side numerical 
aperture of an aberration system of measurement. In this way, the error of an aberration system of 
measurement can be measured like an above-mentioned embodiment. 

[0109]Although the self-calibration of the aberration system of measurement is performed in the 
above-mentioned embodiment by making the image of the opening 11 b for proofreading formed in the center 
of the container reference plate 1 1 form on the acceptance surface of CCD15. As shown in drawing 20 . a 
self-calibration can also be performed based on the spherical wave generated via the minimum pinhole. That 
is. in the modification shown in drawing 20 . the tool 81 by which the minimum pinhole was formed in the 
acceptance surface of CCD15 and the conjugate optically position is positioned 

[0110]Therefore, in the case of the modification shown in drawing 20 . a predetermined gap (gap) will be 
formed between the acceptance surface of CCD 15, a conjugate optically field, and the base plane 11a of the 
container reference plate 11. If the tool 81 is illuminated in this state, the spherical wave generated from 
that minimum pinhole will form many images (condensing point) of the minimum pinhole in the acceptance 
surface of CCD15 via the collimate lens 12, the relay lens 13. and the micro fly eye 14. In this way, the error 
of an aberration system of measurement can be measured like an above-mentioned embodiment. 
[01 1 1]By the way. as shown in drawing 21 . the modification shown in drawing 20 is also applicable to the 
exposure device of drawing 1 . In this case, on the occasion of the self^calibration of an aberration system of 
measurement, test mask TM in which the minimum pinhole was formed is installed. If an illumination system 
(1-9) illuminates test mask TM in this state, the spherical wave generated from that minimum pinhole via 
projection optical system PL. the collimate lens 12. the relay lens 13, and the micro fly eye 14, Many images 
(condensing point) of the minimum pinhole are formed in the acceptance surface of CCD15. In this way, 
change etc. of the error of the aberration system of measurement which originates, for example in an 
environmental change can be measured like an above-mentioned embodiment. 
[0112] 

[Effect of the Invention]As explained above, in this invention, the opening positioned in the object face of 
the test optical system with the numerical aperture more than the object side numerical aperture of a test 
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optical system is illuminated (incoherent Lighting Sub-Division). The method which carries out wavefront 
splitting of the light from the primary image of the opening formed in the image surface of a test optical 
system, for example, forms many secondary images of an opening on the acceptance surface of a 
photoelectric detection part like CCD is adopted. As a result, in this invention, highly precise aberration 
measurement can be performed based on sufficient amount of measuring beams, without using the minimum 
pinhole for generating a spherical wave. 

[0113]In this invention, it has the container reference plate attached to the aberration system of 
measurement for measuring the wavefront aberration of a test optical system in one, and the position 
detection system for detecting the position of this container reference plate. To this container reference 
plate, since the alignment mark and the reflector are formed, for example, the position of an aberration 
system of measurement is detectable promptly and with high precision using an alignment mark or a 
reflector As a result, in this invention, first stage positioning and position control of an aberration system of 
measurement can be performed promptly and with high precision, and quick and exact aberration 
measurement can be performed by extension. 

[01 14]In this invention, since the opening for proofreading is formed in the above-mentioned container 
reference plate, many images are formed on the acceptance surface of CCD by illuminating this opening for 
proofreading. Although each image of the opening for proofreading is tidily located in a line and should be 
formed in the designed value, the position gap of the light volume centroid position of each opening image 
actually measured will be carried out under the influence of the wavefront aberration of an aberration 
system of measurement, etc. from the ideal position assumed on the design. So, in this invention, the 
position of each opening image acquired by the above-mentioned self-calibration is set as each starting 
point for measurement. As a result, high-precision wavefront aberration measurement can be performed, 
without errors, such as a wavefront aberration which the aberration system of measurement itself 
generates by measuring a wavefront aberration based on each set-up starting point for measurement, 
influencing the measurement result of a test optical system substantially. 
[Brief Description of the Drawings] 

[Drawing 1]I t is a figure showing roughly the composition of the exposure device provided with the test 
equipment concerning the embodiment of this invention. 

[Drawing 2]I t is a figure showing roughly the important section composition of the test equipment of drawing 
1. and is a figure showing the state where the aberration system of measurement was developed in 
accordance with the optic axis. 

[Drawing 3]I t is a figure showing roughly the composition of the test mask installed on a mask stage when 
measuring the wavefront aberration of a projection optical system. 

[Drawing 4] It is a figure showing roughly the composition of the container reference plate attached to the 
aberration system of measurement in one. 

[Drawing 5] It is a figure showing roughly the composition of the micro fly eye as a wavefront-splitting 
element in an aberration system of measurement 

[Drawing 6] It is a figure showing a scattering characteristic when a parallel pencil enters to a lemon skin 
board. 

[Drawing 7]W hen the luminance distribution and the lemon skin board in Lighting Sub-Division NA of the 
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light flux which enters into a test mask when not installing a lemon skin board are installed, it is a figure 
which compares the luminance distribution in Lighting Sub-Division NA of the light flux which enters into a 
test mask. 

[Drawing 8] It is a figure showing the transmissivity distribution of the reverse normal distribution shape 
given to the neutral density filter. 

[Drawing 9] It is a figure showing signs that the luminance property of illumination luminous flux worsening 
with a lemon skin board is equalized mostly by restricting a secondary light source in the shape of zona 
orbicularis via a zona-orbicularis aperture diaphragm. 

[Drawing 10]I t is a figure showing signs that the image formation optical system of mutually-independent a 
large number exists for every microlens of the micro fly eye of an aberration system of measurement. 
[Drawing 1 1] It is a figure showing signs that the image of the opening of a test mask is formed in the center 
of the opening for proofreading of a container reference plate. 

[Drawing 1 2] It is a figure explaining the procedure of the self-calibration of the aberration system of 
measurement in this embodiment. 

[Drawing 13] It is a flow chart of the technique at the time of obtaining the semiconductor device as a micro 
device. 

[Drawing 14] lt is a flow chart of the technique at the time of obtaining the liquid crystal display element as 
a micro device. 

[Drawing 1 5]I t is a figure showing the modification which applied this invention in the exposure device which 
uses an extra-high pressure mercury lamp as a light source. 

[Drawing 1 63 lt is a figure showing the modification which applied this invention in the test equipment which 
has an exclusive stage similar to the wafer stage of drawing 1 . 

[Drawing 1 7] It is a figure showing the modification which applied this invention in the test equipment which 
has a lighting unit for exclusive use. 

[Drawing 1 8]I t is a figure showing the modification which performs a self-calibration using an exclusive 
lighting unit similar to the lighting unit of the modification shown in drawing 1 7 . 

[Drawing 1 9]I t is a figure showing the modification which performs a self-calibration using the illumination 
system and illumination relay optical system of an embodiment of drawing 1 . 

[Drawing 20] It is a figure showing the modification which performs a self-calibration based on the spherical 
wave generated via the minimum pinhole. 

[Drawing 21] It is a figure showing the modification which performs a self^calibration with the application of 
the modification shown in drawing 20 t o the exposure device of drawing 1 . 
[Description of Notations] 

1 Light source 

2 Beam shaping optical system 

3 Coherence reduced part 

4 and 7 Fly eye lens 

5 Vibration mirror 

6 Relay optical system 
8 Aperture diaphragm 
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9 Condenser optical systems 

1 1 Container reference plate 

12 Collimate lens 

13 Relay lens 

14 Micro fly eye 

15 CCD 

1 6 and 1 8 Lemon skin board 

1 7 Neutral density filter 

1 9 Signal processing unit 
M Mask 

MS Mask stage 
TM Test mask 

PL Projection optical system 

W Wafer 

WS Wafer stage 
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So ^-r h;^'r K 2 1 cOrtgp%efi|L/c:^{4. a^'x^ 
•9--UVX2 2fcJ:a*U U-U>X2 3«::n-LT, f^— 

yTvXL.2 Aicxmt^o 
[0 0 5 2] ^s-yyv X2^2 AVKm-^nfcmmyt 
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^ X IRI <D 5 -Y >• 7 > F X X M ^» - > is <fc t; Y * 

A2 8»cAWrSo ■'N-7r'JXA2 8^32aib/c:)tii 
X7JIRICCD2 QtaU /N-^T'UXAZ 
n/c:)ie{iY75lRlC C D 3 OlCjfr^o 10 
[0 0 5 3] CCX\ X?3|RJC C D 2 9©a#ffi{C«X 

c D 3 onmmm\ct,t\:f3^r'y'< y'^-yv-^-'^nm^ 

ftA^Jg^^nSo CobT. X?3lRlC C D 2 943<l:t>*Y 

7^(6ic c D 3 0 T-fien/c:a#«#^B0iaa-r 5 c 

{£:J:oT, ^T^'TpOhv-^^flDXYTffifcjQ-pfcffi 

m^. O-V^T«'i/x/NW£0X Y¥®tci{>o/cffiH^1tta 

$H{car:Jv->T, x/NW(DXY¥ffitcjaofcr5-i';'<>' 
h«:tf'5Ci:*^T'tSo **3. F I A^OpJffllcoV^T 20 

/'ci:^tm^¥4 - 6 5 6 0 3 ^i.^f8^!|tB§¥ 4 - 
2 7 3 2 4 QWjknii^\cm7r^Znx\,^^o 

C0054] $p,{c. 01 ff^nmkWit. ismit^%<r> 

^^ttl-rSfc46<0^2{5iS^tbl^i:LT. v^t)t*5f4A 

'r&Si^<Dit^^&^=ft^m^-r^rcAa:>fmt.\^x. tut 

(ommmiv u-yt^^ (.^mm ^ittlx. ^^-^his 30 
-r K 3 1 icxmt^o =7^ V *v F 3 1 ©rtas^esfib 

fzim. :3>-r>-9--U>X3 2^/^LT{S^^W^^ 
\z.WSk-^nfzWi. <i(fil>^UXA3 3ti:A*f-r 5o 

•JXA3 3«> n>'T'>-9--l^>X3 2 A^P,co{a(rW 

A3 SOttmWca, X73|fiHCi^tfS«ISV>3Sjagi5i:X 

[0 0 5 5] {i|^:/'JXA3 3£D3SjliU|S^/'?^->% 
Sil LfcJtfi, S^^^5S P L C03ttt A X fC 40 

iciftoTgHB^n/cSttfflmye^^xs 4 {cA*t-r5o 

Sttffl»^b>X3 4^/rL/-c)t^{i, =5-3 5*5J; 
r>'S*tffl«tH^>X3 mSOA^tft-p'i'x 

^tt:CMoTIE»tcjg^;^nSo 'i' x^NWT-SW^ftl/c: 
yei±. §)iefflJvf!faU>X3 7*5j;tflii)!l5 7-3 8«:/>- 

>X3 9^:n-L-/i:mi. ±aicO{i(6l7"U XA 3 3 i:|B|« 
0#}fi!c«rWrsr:*-UffiIE:^UXA4 OtcA^t-rSo 50 
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[0 0 5 6] C^LT> 7^'JMiErUXA4 0OA*t 
:t'J«IE:/UXA4 OcDAI^ffitca, jfi^t^ISi: br<D 

XA4 o<D*n±i®*^e,*fmsn^c)t{i, -^^f©u>XT- 

tSfiK^nS U U-^^?^ 4 1 icAW-rSo U 

4 l^/rL/c>ta. 7';i-U«IE:/';XA4 0C0AS^ffi± 

> • 7* F • 3<''l':t- F*^t9:ite)nTV>«o 

[0 0 5 7] :fe*5, l!S^/^^->'*^jefi!c*n/£<i[6]7'U 
XA3 3<D»iftH®i:'i'x/NW©^)tffi, ifi^XS—JKm^ 
^XU-y F«J]^fi!t;^n/-cr:t'JttiEyjXA4 0£DA*f 
ffi i: X / NWoS^ffi i: A< i/ -v 7 

^t^lSP L©^fiAXtC)ti-3TZ:)Ji6iti:±T©i6-rs 
i:, 7':t'>«IEyUXA4 0(OAI*®±Jcjg^$n«*S 

[0 0 5 8] C^LT, ^t«il«a^(011SfcJ;t3, tS^ 

/fi/xz-NWOEffiS^^ai-r^o Il'^JTt^^^^- 
F7*-;«7X:^5SfCb^c*^oTS!g)^^?SP L(0)ttliA 
Xfi:»-3fc'>x>'NW<D®{ug*z::^7c6*)tc^^m-r€.o •?■ 
tOi^*, r^x/AXf"— i?WS«rZ:^|Rjtc^J!);^-l±fct). 
Xtt^0feJ;t;Ytt^0tc^;l/F^-&Sci:tcj;»3, S 
iJJt^3SP L(D:7*— *X?^I^l^i:<i;x-'^W©BfflH=S:— 
'^7cWti:7'5'1'^>'F■r-S.ci:*^T'^5<, 
?S^£Dlia<Oi¥*i{i:-pv>Tli, ^J^t±'1tMBS5 6 - 4 2 

2 0 s^ii^^tcffl^^nrv^So — ^7t^^:t- 

9 7 0 4 5^i:?IBtga^^nTV>5o 
[0 0 5 9] ±xELfc:J;^li:, EI 1 ©SSJ^^BTCi. V 
M*5<J; x/>W^}SK?t¥3^ P L fcj^ LTiSfSJS 
^c^^^g^^46LTB^^^7^o Jg^Ufc-rxi'Mi: 
•i? X / N W i: WSfcffiS^tJ-ti- L TMfeS^^!^ 0 
•To c:cDi:#, >^7x/^w<D3^«^^^:^i, ±aE®F i ai^ 
feJ;If-ij^7cA F?S[Cj:i3, ■>x/NW<OCi[g«^til*'i«m 
&icnt:>n^c ^LT. ■i'x/NT^H-W I FfcJ;a'>?x 
/NX-7^-i/Wffllg|5{c J: 0 , >^ x>'^WO^aBSlJfflIA^SilB* 

i,cnt>n^o c-9bT, •j7x^NW'\cofifeiiJt^iiiojg 

[0 0 6 0] :^mmmm<Dm^msit. mm^t^^p l 

2ii. m i(om^mm(Dm^mi&^mmmc^^-rmx& 
-dx. ^wsi\'&^^^<oitmcm'DxwmLtc^m^7r^ 
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gp 1 0 a J; •? *>IIKfi^fc:*:#55:IE:i5J^««BBPgB 1 0 b 

A^fl^fiK^nrv^So 10 

[0 0 6 1] t/c:. *IISS;e«gcD«^S^S(±, 'i7x/^X 

(Dfp^mci^iEmma^ c^mmm i i bA<jB^* 

hv— 1 1 c*^Jgfi!t*nTV^So 20 

[0 0 6 2] ccT\ eciEfflrapapi 1 bt±, 

JSP L*/rbT)g^*n57^XhTXiJ'TMOggpgBl 
So ^e.fc, *«iEfflg3Pg|5l 1 b*3J;t>*a3S<07'^'i'^ 

^hT-i' 1 1 c^m<mmcit. s*fBi i dA^jB^ 

DA (C r) -5Ci:tc<fci3Jgfi!t^nT</>So so 

[0 0 6 3] $P,(C. *IISgff$S©^tt^@{±. 

PgPl 0 a<DfiK*>e,OJle*^ 3Uj<— hU^Xl 2*3J: 

tcA^f-rSp T-r^^a^^-rT-r 1 4«. ^stc^-r* 

^ tc> *e£«tcao«l^tcgH?iJ$nfc:iE;^ff$4^cDiE®»f:'3 
^^T^^^C0WL'bU>X I 4 a*^6^S^^^?T-fe 
So V'T^D^^-l'Tl' 1 4lt. ret 7il£^n^^m:^^ 40 

C i: tc J; -3 T«fiK ? nx V ^ 5 o 

[0 0 6 4] Lfc*<-3T, V-f'^'n^^-f'r-ri 41CA 

^tjsn, §^Sd^^>Xl 4 aof^iMji^ffioifi^tcti 

"tnt'tl 1 -QCOF^PgB 1 0 a cOitA^ff^m^nSo ^W-T 
Si:. ^?-i'i'a77-i'Ti'l 4 £DfMiM^^®tD3fi«?tc 
F^Pgpi 0 atO^A^^IS0fi!tSnS„ C 3 LTffM 

znrz^^<Dmii.. —■kTtmmmf't lz<dc c d 1 5 

lcJ;-3T«^WSnSo CCDl 5<Dtiif]l,i. ffl^fiaSa 50 
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hvXi^TMWrj^PgiSl 0 aCD— ;^ftA^?)0)t^!Sffi5^' 

[0 0 6 5] ^/i, CCDl 5ti. »®^J-Sil^?i:LT 
<^)T't'^'a75^7''ri 4tJ;0fl^^$n/£FjgpgPl 0 

figLTV-'So «e>C, 3U;><-hW'>Xl 2, UU-U 
i/Xl 3> -r-r^D^^-YT-Y 1 4*3j;t>*C C D 1 5 

Tjkmi Hi, iRSjiJ^is (12-15) ic-Himcmo 

[0 0 6 6] -flStC, B^ftST-a. ( 1 ~9) 

*>P.#t*&^nSfi^B^)tcDPgp|S (NA) *^*g^^t^3^P 

oT. (1—9) «rfflV^T7^XhTXi'TM<OM 

Pgi5l Oa^Hp^LTt, TMa^l 0 a ^^YL/ct^A^^ 
3^^'S:fflPl!S-eta^^¥5SP LfcA*f-rsc:i:t*So 

mm (-i-vnu-whMB^) -r sfc 46tc. ^it^-r 
i'^tc, Mi^lR (1-9) i:xx hvx^'TMiiorao 

^^X+^'ffil 6*fiix.TV->So 
[0 0 6 7] S6{i. U^r>'X^>'«tCTf7)t*A<A*f 

^•VX + V^K^^gL^V^ii^tC-T^X hTX4"\A*f-r 
S)ie««HiB^ N A rtCD)tiJS:a-^iJ t U^:>X+ V^^iSg 
b/c:i:^tC7^X hTX^-^Attf S)t*cOMB^N AF«9<D 
WJS^J-fljfc^rJtKf S0T?SSo 06feJ:t?0 7«r#B8 
fSi;. (1-9) A>P.c05t^(D|gpi!c^ffiA-r 

S/c:46fcU-^:xx+Vffil 6^^@fSi:, 88R^)t^(0 

Tti, ,™iS (1-9) £DBgB^)tg§tti(c, rctXI>£^:k 

1 7*«ATV''S„ 
[0 0 6 8] c:CT% EI6lC^^J:3^IEM5i-^l7ff^*^© 

■rsi:i:(cj:o, lagjc^-r-fc^fc. u^yx^y^i 
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CO 0 6 9] l.:^±(DJ:-5(c. U^:>'X+>Sl 6*3J:r/ 
m&y^Jl'^ 1 7 (it^St*&UT*l0MPSJD 8 a) 
iis m.m^ (1~9) *^P>iD31£^©WP8!(«:t£:*:-rs/-c 

+ 6ti. mmJk (1~9) hxXhTX^'TMt 

oraojtsgcfifcff ijieaicies^ nxj^^^iEgfr 5 fc 

1 7 (*:^Stc^£;i;TfS«MPl3?'? 8 a) U'^>X+ 10 
1 6 »c<fc D-m-rSMH^Jt^cDfffiitttt^l^-ffr 

^yW.\ Q<DmM.lZi\Xr. v"X hTX^TM<D±ffi[|B 

C0 0 7 0]-fl9{C. U-t^X^yScoitaitlSli. u 
^:>X+>'«*f^S|?g(D5a5©M;fep,*i:, ^BS«:i?-^ 

X y U- h ± 4-^ h 'J y 1/ 5 7 ^' -Z?!!!*? >' ^ - VJ&J^fiR 

^xHnm-ict^.i^o ^ji^n^m-r^ doe twfi^ 
ffl-rs^-a'tca. iSA-7f;i/:?i 7 ©^g-^fi^ttogg 

PgP^#t-S«r^P,gPiKO 8 aCD^M^r^Bg-rSCitt 

T\ ^^t»@^DB^H^lSA^P,miS5S^n-S.B9B^yd<or^flPiS!!)^ 
igl^Jt^J^ P L Otli*«iJggPi!( J; 0 t+^fC;*;!? < 

^nrv-'S^^ (0iRff 1 •T?fesis-&) tea, ^bp 
coo 7 1] *iisijg«T'{*. ±M\^tc^v\c. 

^?SP LfOl^ttiiJF^PiiNA pt^icDBflPtStNA i X'^ 
PgPl 0 a^MB^-tSo coit^, lai otc^-rJ;'5 

^-X'l 4 aO;*:#SlCtBa-r5iS®lRM«-g|5^i-«l^li 

^sitTggpspi 0 acD^^^n^n-r^nfc-i-'Vh 

^(fr5iii:(c^;5„ ccDi^. iRMSiJ^lS«, Hi 1 
tP^pgPl OaOftl 0 i A^'J^fiJt^nScfe^fc^^^n 

5o -rut)-^. ftiiEfflggpspi 1 b«. taie^t^i^PL 
^rrLxmmsn^mns^i o ao^i o i ^oi^^n 

CO 0 7 2] i»»ifeA>e.#^LT, SffiiRM»c^;Uh^ so 
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^ (fiitfiJt^^) A^*§«^{c{i. =&^8/J^^>Xl 4 a^, 
■frLxm^^ti^mi3^mm'>y \--r^ci::i,t^mvs> 

CO 0 7 3] mwmcii^ ii^^mmp ncmmi^mi}^ 

iSiJ^ffltoa^il^fiiStis ^'I'i'a^v'rT'ri 40 
^m'bU>Xl 4 a©?ttt±fcl9:^*nSo IIIS5»c«, 

fi[H-rn-r«o l/-c*<ot, **iSfijB«T?«. ccdi 

CO 0 7 4] fetch, ^^mmmmxit. c c d 1 5 tc:^ 
\*^xmm^m^±t^(Dmnmi 0 a^mm-s-^^&yj^ 

*«)5Sfl5ffirHirap3i 1 0 a<DmmiFimmcm^-sti 

^ C tf)'^rj:\.\ Sfcx Pj3Pg|5l 0 aA^P)CCD 1 

^v-'o ^-oitem, mmm^X'S>^ccD I s^cahx. 

Co 0 7 53 WT, *l^«imio«l«SS^ffl<.^TS^ 

5o ^USSJg^THi, ±a?LfcJ;o{c. iR^iiJ^IS (1 
2~i 5) (c-i*6g{i:iS!DWt6n;rc^^tgi iti^mif 
enrv^So ^lt. m^tsi kds^tbi i a±ic 

vtcii^-DX. s^taeiiHStt^nfcHfiMcDF i ai^^w 

tciGofcM^ffil lOffiS^, D-I^^TliX Y¥®{cra-D 

CO 0 7 6] $fc, ^)t^glCfgiJ*nfcHU3ZEcOf4Att 
iCfDIl'^TtA Fl^^ffll/^T, SWffil 1 d ^$44673 (SJA^ 

e.5t^^A*f*-»i-s#t® 1 1 dX'&mi£rirz^mcm-:3 
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■r->''IKS!ia5<Dftffl{i:<kO, 'i'x-'^wi:lRll;iS£^^ciS« 

CO 0 7 7] ?S«S)t^lST'feSS!^)t^3SP LKiiLr 
[0 0 7 8] Si^S^fcti, <i7ji/NX7^->'*WS^|gl!lL 

mmicMLxm^M 1 1 (ommw-m i i a ^ffiB-a-t)H± 
■rso -r^^^^s M^tsi i<o»ip¥ffii 1 a(Dz:ff^ 

1 c ^fiLm^m-r^ c »c o , iRM»j^i^«jtiWi a x 

1 (OX YTMfC^QofcffiB^l^m-r^o 

[0 0 7 9] *43, ffi?^*gl 1 ±®Z5'l';'«>hv-^ 

1 1 c fciRMiiJ^lRW^WAX 1 tOF^cDficBMfl^lf^B 

x'— ^ 1 1 ciim^m$>^(or\ EGA (j^>'-'N:yxh 

mtrji^^ CoLX. 7-X HvX^TMtcKtt^itX/'cffi 

wi(omns^(o'j*>. ^.MmcMiRiEtircm i ms<omn 

gpi 0 a P L^/t-bTJgfiicSnSteB 

Co 0 8 0] -r^tJ^. iRMPJ^^A^iWWWtciEBtlcffi 

B8itii)sn^ci*jSfc*3i,^T, L^ithxm 

i^^ntcm 1 SBC)^pgi3 1 0 acomcofpjbi^tiumm 
^jso^ttAx 1 i:A<xYTartfc*3i>T-s!{-rSo -r 

iSit>*>. 01 nc^-r-fc-pfC, MPgPl 0 aOfSl 0 1 



n^'V>^hm7TMl 1 £0^3<iEfflPPa5 1 1 b<Dfp>i^^t 
T. C C D 1 5£OH3:^tcS-ifV^TSK)t^^P LcDiSffi 

-fiic^J- (f'y:*— ^xfig^i-) , is^mtmSimjm (r 

X^5i-) ;S:j)i46, ^^H-fiE^J-^^Sx-fX h-S/a ^(Diife 

B^, ^^5^BIM^^^*^P)<§®P«M*^n^*n*a6^ c t 

10 [0 0 8 1] :-!k\,c. ^;H-fi!c5i-*3J:QVW-«»*^T-$ 

<Ofc^<OlRMiiJ^?ScDX73|p](D?»»)«A xfcit/YT^lfi] 
cO?!S[iii« A y {cS-rJV-'TT'-f X h-i/ 3 i'cojei^ffii*, 

®o*fejtt{jiB*^n^n*i6^ci:tT'#5o Cob 
\^^)hhrmmx. c c d i 5(Dtti:^a{cS-:3t,>Ttg!gJt¥ 

5SP Lo^tmrnM^mmmcwmmm^-r^o 
[0 0 8 2] ±aiojgffiiRM©i»j^ism*, T^xhvx 

)li5>:tT^3tl5o C®J;'5(C. «^ffil l^fflV^T'xXh 
VX^TMcom 1 SaOMPgPtcJ^-rSlRMSiJ^JSOffi 
Bia^^'S^Tbrc^ti, S)t^BO*5R«OSi#f<t(tiSf^ 
iillfilfc. -:?X;7rA FJ^TS^Sl l OiiSSffiB^^K 
fflB^t)-y:-r§^«tc. -i^x/NT^ttW IFOttl:^1flfi 
tcSr^V-'T'iz x>'^X•r— S COX YTffitCjQo /-cfiifi 
^fijffll LT. S^^^?^ P L OffiS^SfitSf ©iSSiR 
McOffl^ (f-iS:t>-^7"XhVX^TMcO?^'3CO»^«Bfl 

30 ' 

[0 0 8 3] ±^coj;3fc. *ii)5Sff$ffi-e«, 

L«Di!6®lRg<0iiJ^«, S]^^^3SPL©a]WW*liieE 

[0 0 8 4] tc^x\ m^mmcmn&fEnrzmmyt^ 

-hbVXl 2. Ub— UVXl 3. -r^ ^uy~>^T 
-f 1 4, CCD 1 5, 5^- (01#M) ^^©Jt^gP 

50 «A<ffli/^e)nTv^So ctiPico^t^gp^cDiaig^Mti. 
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X'S>^m^)^mmp LoiSBiRMf^^stcjtLTJixMaij 

[0 0 8 5] *^SSm^cOJ;3tc, 

^cJ:bbTllxMSlJ^JSco^8^®iRMf8^a^+5^•^c/J^^ < 

[0 0 8 6] T^tfO«)S«-|^±*-lir«/'ca6fca, 

^m^Wl^it^^ P L tcJt UT+^i-{c/jN* < ai^ « c: i: 

[0 0 8 7] JMT, lai 2%#MUr, **Sg}^lltCfe 
LT. -rXhvXd^TMWIET^JKtteo^PgPl Ob m 

~9) *^?)OBSB^)tA^ i^myt^mp L:^-frvx. 

^mmmm ma^i obcofl^) isiEfflBBpgp i i 
[0 0 8 8] cvLx. it^mmmn^i i b*^p)<D)t 

-r^D75'l'7''f' 1 4^/)-LT, CCD15£OS;^®± 
{C«iiEfflBSPSP 1 1 b<D^36S!©{S;6fl5^-rSo ISW-ffl-p 
154iEfflB3PgPi 1 bto^«*\ -r^i^ay^-^T-^ 
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V-1'>^n:75-l'7'-ri 4<D^jgKS. CCD15<D 

[0 0 8 9] ccx. ^«^Lrz^mnmm(omm-rti 
p.> 01 2coga+-vu:?'U'— ym^tcisi/^T. s 

'J T'U— > 3 >-Z?t#P)n/-c^gBPgB»Ofi[H*SiJ«ffl<D 

g<*;A^^^-rSK®iRM*ircD^||*^tS^)t^^P LO 

«4iEffliBpgi5i 1 hf^'^iumm^mc-i^ffjicmomfib 

u— v' 3 vfliw^pgp^^^-^ 'J yi^-i^ 3 xDmifcms 
■t^yjmtit^x. mnmcomm-rtiicmmt^mmta 

[0 0 9 0] $fc, «tfeit^lS<OiS®l|XM<0»J^t(SL 

[0 0 9 1] ccx\ i&&o:>mmic^sm-r^mm. fej; 
ic*5tt5i^M;&fflij^L. ■mmLfzmmicm'^^-xm.mco 

[0 0 9 2] -77. rSjScD^IStC^Hia-rSMgtilgaLT 
fi, Sa4=-i' 'jyiy-i^a>mcm^(Di(Si&mV^(D7T:X' 

M<*6<jtc«, i'j^^{c*3tt5ii^<Djaai:sa^-v 
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[0 0 9 3] 'Sfc, lai 2(Dga^-vU-7U-i>3>'t^ 

TMtO^PgPl 0 b*lSKJt¥?SP L«)iettAXCO)a^ 
[0 0 9 4] LA^L**^?), <fHl}»CgB:^-v"J:rU-'> 

30 

[0095] coLx. ±^cDnmmm<,cti^f)'^mytm 
mvit. aa*-vu:ru'-i/3>'ii:j;*3iRM}»j^?s (i 
~9) (omm^'mmt^ immm^xm) o mm-stirz 

•y h 1 9 (ia2*3<tap0i o#B8) o^^uastciBtss 
e a^^ -v u 7^ > 3 > vm^ L /c^^wfs t s-iti/ > 
M{csc5o<T, mmyt^^.p L^mm-r^ (.mmx 

[0 0 9 6] i^i/^T% mm^jcj^-:3x-r:x^i/^mmL 
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[0 0 9 7] Jtf, 01 3OX7"y:/3 0 1 fc^iSV'T, 
:/3 0 2fC*3l,->T, ^(O 1 a-y h(D'i7xM±cO^S«± 

^ftLX. 1 n y h<O'J'X''N±c0^>'3 >y hmmc 

X. ^CO 1 D-y hCD'>x/'N±0:7^ hbi^X 
ntitlfc'^. XT^-y^S 0 5tC*5V^T, -eo 1 n>y h<D 

gS/^^->*^ ^S■'>x>'^±^D=&>'3 -y hffl^tcjgfi!c;?n 
ff^CttCjcoT, ¥»f*^^^<0-TM>i'X*<S!iit*n 
miHlSS-'^^->'*#-r-5^««:-r/WX*X;l'-7'>y 

[0 0 9 8] ^fc. la uc^^f :/ix-h 
m^^^—ym) ^i^is.-r^cticj::-3x. v-f^nf^^^ 

-fXtbTOffiS^xR^^^rftaciifeT^ao tXT, 

-WCOtittWrS. 01 4lC*5l/>T. /^^->0fi)cX 
^4 0 1 -Pti. &JISfiJKSI«S^^H*fflV>TTX^O 

ntEti^o coDyt'jvif'yy^-xmicii-DX. myt^ 
xm. iy^d';vmmxmm<D^xm^m^ctic^-o 

-c;u^-0fi£xfi4 0 Z'N^fT-rao 

[0 0 9 9]:^^fC. ;(:-7-7i';b^-ffMxe4 0 2T' 
(i, R (Red) , G (Green) , B (Blue) izMtt^LtzS 
o« F >y Fcoiie*<v F U >y I? X4^tc^S[iB5iJ*nrc 0 , 

^-rSo ^-LT, ^f;!/^— )gRKXg4 0 20^ 

tc. •bfim^sLxxm^ 0 stim^cEn^o -t^im^ii 
xxmAo 3X'it^ ^^^->mfiixm4 o i icxm^n 

mjsxMA 0 2\zxnfbnrzi3'y-y ^ )V^—m^m\i^ 

xm^f^^^iv (r«^-t;u) ^m^iLx^o -tJvm^iLx 

X@4 0 3T'fi. >'^^->J^^XS4 0 1 tCT 
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m^B^itxLz. m^B^^^iv mm-fiJi) ^nmr^o 

[0 1 0 0] ^COfS> ^ri^rL— ;l/;^*i35:TXe4 0 4(C 

So 

CO 1 0 1 ] ^t3. ±aSOlli6SJg«tCi3t/>T, 1 9 3 n io 
1 5 7 nm«0iftfiO)fe«r«$&-r5F2U— 9*-3ieiK*if 

^S^^rUX^ bT«ijM-r S c i: H/>o 

[0 10 2] ±a!0*SSJg^t?«. J^^^^-^ly- 20 

jSffl-rsci:tT-ts„ ccD^-&. 0i5t^-r^jg^j 
Jt%««e-r5iaiiiff7)<ffl7>':^5 i*v jtWAxicMb 

ili{t^fBfi£f So 30 

[0 10 3] fSR^S 2cD^2^.^{4gtCj^fiK^n/'cy6 
U;><-hU':^X5 4tcJ;?j{J{S¥fT?t«{cffiSI*nfc 

f*, jsfi^iR7^';i'cS'- (^la^) ^^n-LT. WM'an 
:/x -c ^/iz-f ^ u- T'fe s 7 5 -r T I* u > 

T'ji, rct^i,£ i m(oy6 o e s nm) mftm 
^yttLrmvii^ti^o ssvMi, fctpiiigm (43 

6 nm) cOJti: hM (4 0 5 nm) i: 1 i^0^i:«:I^B# ao 

[0 1 0 4] ^etc. ±i^^<Dmmmmr'it. nitrnm^c 

6 ic^-r J: d tc, fct^a'-i'x/NXx— >'i:«Mo*ffl 

tSo CcDtf^, 0 1 6tC7j^-r^Jgi5tJfc*>*^S<tS«S 
{±. 0 1<DSJtSB<DMB^3Si:|5lU«fi!c*:S-r-5S^B^I^ 
i:, 0lOS)t^H<O'^7i>'NX-r-i^i:a(KO«fi)c«rW so 
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i^i!)M^W-iiJt-S/-cJ6«^l=F}$ti-I F 1 t. X:^|fijcD 
i^i6S«:tt«iJ-r5fe46O-J^c0S2T}*fH F 2*3*0 
IB3T)$ti-i F 3i:^ii;^TV>S„ 01 Q\Z7rsirW^m 

[0 10 5] i:<15T% 01 6tc^-r^}g^JtcA^A^S1^ 
a^gT'ti. 01©SS)t«EicOS^Bfl5^i;|BIC«fi!c«r«-r 

T^So <i(o«-&, 01 1 \z7r<tm&m\nti^tf^^ms.m. 

[0106] C C T% B^B^rL - y h ( 6 1 ~ 6 3 ) a, 

S)t^Btcig®-r'^^t2^)t^^P L^ftS£03i^*Ml^ 

)t^iss Lo%wmmumx±.<Dmumr^7-7. v-^t.^ 

•y h- (6 1—6 3) *^7^X hvx^TM±tcJg^-rSM 
BflM^cDA*^*^3S^T'*(.^^^tCti. 5£«Fi*6 3^X 

Y¥ffiK:«^oT-:^7t;W»i:i^I6*-i*, 7=-Xhvxi'TM 
<D«l&©rapgp:Sr|iIS;^BgB^L**<?). t5»)t^lSPL$ 
/-c{iS«l)t^?^ S LOiSBiJXil^S'J^t-Sc: i:ic%5o 
CO 1 0 7] ±SE<05l)S6}gffi-p{i, S)t«B©fla 

B^3^^fflv>s ht^ ici^^yt^m p L ^sr.B^H^ u u-)ie¥ 

^^tf ■^Tt^S*''. 01 8{C;^-r±^tC. 01 7iC^-t 

0 1 8 fc^-r^j^0ijT'{i, )ieji (^0^) t>^^<Dyt 

-1^>X6 2^i>LT. ^5^*51 1 OlStjEfflB^PSP 1 1 
b^SlB^-rSo CiDi:^-. B?iB^ZLz:::>y h (6 1. 6 2) 

li. iumm^^.(DmmmnmA±<Dmn^X'm7rsWi i 

[0 10 8] tc^x. mi 8ic7!k-rw&mxit. wm 
v^3 >'^^T^T^/''S*^ 01 9iC7jk-t^vic. 01 con 

mmmcomm^tmrnv u—^^mt^m^^x^B^^' 

icTn-t^ff^mxii^ 0 1 (Dnmmm<r)mmj^tmi:m^ 
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[0 10 9] ^?,fc, ±^<DnmmmTii. mT^^i i 

<Dfp^icmfS.-snrci^iEmmaS[i i i hnm^c c d i 

t>^. m2o iCTjk-t^mmx'ii. c c d 1 5 (o^^mt 

1 *fiLgi5^i6f So 
CO 1 10] L/tA^oT, 0 2 0 tc^-r^J^fiRJcDiS-g-, 

c c D 1 5 (D^mstye^mc^u^mtmm^ 1 1 o 

-hl^^Xi 2, UU— bvXi 3, fcJ;tfv-<^n:7 

^-{T-f I A^fyLX. C C D 1 5cOS)¥ffi(c1S/htf>' zo 

[0111] tc:bx\ m2 1 (c/T^-r-fc^t, 0 1 (om 
n.mmictii'X. mzoK^-r^mm^mm-r^ctii 

TM*^^s*nso c(o:yimxmmjf> (i~9) 
^LfcmmwitiK mm^^mPL. avyi~hi^>xi » 

2, UU-b^XlS. *5j;t>*T-<^D7-5-i'TY 1 4 
^fTLX, CCD I 5<D^ytmicm^b\::>t'—J]/(Dm 

[0 112] 

miciimmnb-snrzmu^^mm c-ri^nt-u^'hM 
m'^ftmicm':3\,^xum&rj:iumm^^no c ttj^xis 

"So 

[0 1 13] tfc, 2|s:?ilWt?«, «1*)t^l^OiSli®lRII 
J^t.^m^X\,^%o cco^mmcli. fctpiltT^-fyt so 
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mxs.'oiEmrjiiRmm'&^n^ c h^^r-tSo 

[0 1 14] *5gB^T'«, ±iE<DS^1Stcfi«iE 

m(omn^i}m^-snx\.^^(Dx. . c(DnjEmmn&i 

M.A.xm^t£ti^l,iirX'&^i>3\ iRMSiJS^Oifi^ffiiRM 

3 >-et#e>n/-cSgapgi5«ofitH*jaiJSffl(DSi^;^ti:^ 
[0®ofa^*i5iB^] 

[ia 1 ] :^mn<Dmmmmi,ci)-ti^:s>m^ms^m^rzm 

[0 2] 0 1 coi^«^g®sgi5«fi!t^iaBSs<jic^-r0-e 
feoT. iRmm^m^^<Dytmici^-oxMmLrzVim^ 

[0 3] ISl^Jt^lSoKffiiKSoSiJ^tc^LT-x';^^';^ 

a :7 ^ r <o«fiK*«Eii«6<ifc s^f 0-ea& So 
[06] iy^>7.^>mc^fm^ti^xmLtctt<owi 

[07] U^-VX^^S^^SL^^i/^ir^JCT^xh^X 

B^ N A ffi<Dmm^ifi t ^mx&^. 
[08] mmy ^ )\'^\c{^^-^rirzmiEmiii^m^(om. 

[09] ii^Bgpig?o*/i-bT-i5<:>tjis*»i^ttfc$ijis 

oii¥aittt^{j(?i^-fk^nsit?^/Tvf 0T'Ss„ 

[0 10] lt5!MPi^^<0V'r^P7^-i'7''i'O§aS/hU 
>X«^cS^^{c3$ji;5:^3StD^iS^^¥^;b^#^E■rs«^ 

*^-r0-e*So 

[011] 1i^®(Dfi?IEfflMPa5CDfti5^{C-rX hT;^i' 
<DP^Pg|5(D^*^}^fi!cSnTV^S1t^^^^-r0TfeSo 

[012] ^^mBmz^if^mm&^j^n^^^^'} 
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